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0 Cathodic electrode. 

® A polymer bonded sheet product suitable for use 
as a cathodic electrode in a non-aqueous battery 
system wherein the cathodic electrode is a micro- 
porous sheet composed of from 2-30 weight per- 
cent polyethylene, 70 - 98 weight percent of elec- 
trically conductive and electrochemically active par- 
ticulate material and from 0 to 5 weight percent of a 
pjplasticizer for the polyethylene. The product of the 
<f present invention further Includes a cathodic elec- 
trode product suitable to be placed in Intimate con- 
[H^tact with an anodic material comprising a substan- 
j0tially unitary, microporous structure wherein each 
^ major surface of said structure is a composition of 
^an inert filler in a polyolefin matrix, the inner core of 
C^said structure is a composition of from 70 - 98 
""^weight percent of electrochemically active and elec- 
trically conductive particulate material, from 2-30 
^weight percent polyethylene and from 0 to 5 weight 
percent polyethylene plasticizer and a current collec- 
tor in contact and extend from the inner core com- 
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® Cathodic electrode. 

@ A polymer bonded sheet product suitable for use as a 
cathodic electrodet in a non-aqueous batter/ system wherein 
the cathodic electrode is a microporous sheiat composed of 
from 2-30 weight percent polyethylene, 70-98 weight percent 
of electrically conductive and electrochemicatly actiye part- 
iculate material and from 0 to 5 weight percent of a plastictzer 
for the polyethylene. The product of the present invention 
further includes a cathodic electrode product suitable to be 
placed in Intimate contact with an anodic material comprising 
a substantially^ unitary) micfopoTous sftructure wherein each 
major surface of said structure is a composition of an inert 
filler in a polyolefin matrix, the inner core of said structure is a 
composition of from 70-98 weight percent of electrochemic- 
ally active and electrically conductive particulate material, 
from 2-30 weight percent polyethylene and from 0 to 5 weight 
percent polyethylene plasticizer and a current collector in 
contact and extend from the Inner core composition. 
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The present invention is directed to polymer bonded 
electrodes useful.in a noh-aqueous battery and^ to ■ 
battery system containing said electrodes. Further, the 
ttestnt invention is directed to highly filled TiS^- 

"rther. th. present invention i. directed to • ^ 
\„,™«r<jii^cith8dio'eleotrode-«eparator product heving a 

".fecrocEil^ly active and eXectricaXIy conductive' inner 
core and an inert outer portion. of -t 

Storage batteries have a configuration coapoeed of at 
least one pair of electrodes of opposite polarity and, 

Llarity;.-TKe-curr.nt-flow betyeen ;;,l*ctr?d^ „ . 
Taintaiii^ br"' electrolyte composition "P»^^= ; J, 

carrying ions, across .electrode pairs. In,addition.to _ . ; . 
Te" active; coapoiSnts-;. there -ust be an inert materiel, 
separating the electrode. Cf opposite polarity. 
Lparatois have been W in many f orm. includxng jrxd. ,. 
blLks/ iiieitsJand^ tt^ formed from nonconductxve^-- 

materials. ^ -'-^ - -5''^^ - ' ^-i" • -/I^^/i-i 

Non-aquloUs'batteiies have certain distinct 

.avantagee over oth« types of storage batteries. They 

«ras a„odes,:iiih£ weight or alkali metals, such as 
lithium, lithium-alu-inum alloy, and the like """^ " 
__i^e far end of the electromotive series. These batteries 
^ve the potential for providing much '"'f '"^^ - 
and volumetric energy densities^ (capacity^per u^ 
and volume, respectively) than other types of ^etter-es, , 
due to the low atomic weight of the metal and high - . ^ 
potential for forming a battery.in; conlunction^wit^ _ 
suitable positive electrodes-fafi^removedlfrom, the, Ix^^^^^ 
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^ — ■ ^ -a-^v; — z 

weight (alkali) metal electrode (the description herein 
will use batteries having lithiiim as the light weight 
metal , anode although other light weight metals ' can be * 

^us.ed) in-the .electromotive series;" The battery caii be 
formed in any conventional physical design/ such' 
cylindrical^ rectamgular or disc-shaped "button" cells; 

.^normally .of a closed cell: configtiration. ^ - ' / , :.c 

> > The battery components .of positive electrode, - - 
negative^ electrode and separator . can be in the form of 
distinct alternating plates in a "sandwich design or of a 
continuous spirally; wound design . as are well known. ^ The 
anodic .electrodes can be, formed/ for example/ from lithium 
metal or its alloys oh ax support/ such as a nickel coated 
screen . ^ The;- electrolyte cah^ be . formed of a non- aqueous 
solventtpr fused or solid- electrolyte. --r Illustrative of 
known; useful non-aqueous/ solvents include acetonitrile, 
tetrahydrofuran and its derivatives , propylene carbonate, 
various;: sulf ones: and mixtures. of . these, solvents containing 
a light. metal: salt such as lithium salts as, for example, 
lithium perchlorate, iodide: or hexaf luroarsenate and:^ the 
like. An additional normally passive component of the 
battery is a , separator membrane located between platiss of 
opposite polarity to prevent contact between such plates 
while permitting electrolytic conduction.-^ Separators are 
normally of . the form of sheets which possess very low 
electronic conductivity. 

Significauit developments have been made in the 
fabrication of non- aqueous batteries. However, one of the 
major concerns is . the lackj^ of development of a suitable 
cathode in\,which^ the- electrochemically. cathodic material 

-..is present in the form of a, porous, flexible, sheet - 

; material., 7 The: cathodic. active, material must- be bonded 
: into a unitary sheets by. a^ material which is inert with 



fespect.to the other , components, of .the battery- as well as 
being , inert and compatable to .the' active material- The 
bonding material must bei capable of. readily forming^ a 
unifprm sheet.; .The resultant, sheet, must' haver the abtive 
material,,unif qrmly. distributed throughout the length and 
breadth of the sheet as well- as across^ its thickness to 
provide maximum effectiveness./ The bonding material must 
be kept^to .very aow /amounts of the.;, total s sheet material or 
the cathodic active material will be encompassed by the 
material and thereby dramatically,^ reduce theV conductivity 
and activity of the resultant cathodic^ sheet product. 
; Even though present in only small amounts, the- bonding " 
, polymer must be. capable of . maintaining the sheet integrity 
and^ I>rovide resistance toi fractures, : spal ling and " ^ 
disintegration attributable^ to. the expansion and: 
contraction forces encountered: in charge-discharge 
■cycling, a.;-.- ■, ..r , • fi^ --xb a.:-,-^-! - ..c.-:r.- ■ 
A . Polymer bonded electrodes presently knoWn have a 
number of deficiencies which has i limited their utility 
and> thereby limited the acceptance of an effective 
non-aqueous battery system . The presently^ knowii 
polymer-bonded electrodes are not capable of being mass 
produced by a reliable, cost-effective r non^agueoiis V ^ 
process., m addition,- the majority of known^^ ?^ . : - 
polymer-bonded electrodes iBxhibit flaking and- >r 
disintegration when the formed sheet-^ is further processed 
such as when applied : to a current collector' "and/or during 
assembly into a battery,;.' r - :c.: ; . - * 

. .... .' A- number of bonding polymers have- been considered for 

and,..used. in the- fabrication of- cathodic ' polymer bonded" 
electrodes.^ r The most widely used material at the present 
time-is poly(tetrafluoroethylene), commonly: referred to as 
PTFE, or. by the tradename Teflon. :- PTFE bonded: electrodes 



have certain drawbacks which limit their usefulness and 
ability to provide a^ highly effective product. For 
example, ^the chemical Inertness of this "polymer causes the 
fabrication ofi electrodes to be both difficult and 
laborious. Generally; - it requires initially^ mixing the 
active material .with an aqueous slurry of PTPE whicli is 
vthen:^ doctored.; onto a surface* and heated to higli 
temperatures :j{25 OJ ' 4 0 O^C ) " to remove the water""- and cause 
. bonding.; , The presence of water and the processing at high 
^temperatures , limits the. active materials which' can be used 
. in forming . the ^ electrode ^ product • Per example , ^ certain 
chalcogenides, in. particular, titanium disulfide, are 
-known to. be runs table in the presence of water'. In- 
addition, ^^therev is concern that during^ fabrication^ 
residual :,water will remain" and come in contact with the 
-light metal, anode . such ■ as lithium". Piir ther , ' PTPE bonded 
sheets , tend to flake and are ^ not free standing unless 
large amounts of : polymer are used. The sheets are 
..conventionally bonded" to a current collector "screen by 
pressing them together .at high temperatures. This process 
normally produces a -rigid, ^brittle product which tends to 
, crack, artd .chip..; Pinallyf a major defect of this known 
class of product is its non-uniformity' both in 
distribution of active material and of porosity. This 
defect is. inherently due -to the processing techniques 
required,: especially . the evaporation of solvent from the 
materials causing non-uniformity across its thickness as 
well as from,, point-to-point: oii: the -sheet product^ Patents 
illustrating :formation of polymer bonded electrodes by 
rlOiis technology are U.S. 3,457^113; 3,407,096; and 
. 3>3[06,779.- : n--^ r \ : ^ l^-.^^ 

Some ; work- has. been done^to- form a 'product from dry 
.tetrafluproethylene suspensions to overcome the 
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inpoapatlbillty probl,„s associated, with water- ^ . 
. retire 8interi„, at verv hTah * " 

(e,g, .40.0,-c).. Which , .lao lL!ts Z * '""P""""* 

technology are U.S.- 3>l84,339.a„d 3,536;537 ^ - ^ - - 

formaff ^^^f-^l^'-Poiy^^r. bonded electrode^ have been 
nss'^oxmBd, from slvirxiss of EPDM fethvio« - 

-*=^=^^«'ci»:«. or.a„ic.::raii^fe^:^^^^ 

, -Blaawc, Binder, for Electrode "h^s P S v!^":"", 
,,J, Elactrochem, soc. Vol. 130 „„- f » ^ ^ 

.no„crystaUi„e,:,,„;oJ o^;^:;, 'su!;^^ 
lo„o«er,,,hutyl r,rf,bers and tt.TI^e'h!r t 

in^,or„in. eiectrode.b. a s.^^tJ^^ZT^^ 

;:£W™ir:^::r':::r!^^^ - 

-with the other batterv =J« ! ^ and ' compatability 

' , . .. °*^"^y components; However ^-k^ ^ * o. 

Of non-uniformity of product,.poor coZZl .. 
:,.P=?- .l".-istribution, renai; I pro^r J aL"!!! 
,,electrodss,„d. by thi. „ethod. eLibiT«vbr. if 2' 
..activity afte, bein. aub^ected to,o^ly a fe" " 

"Merir^'"'"'"'" " ""^'^ lew .figure of 

merxt reported in o.s. ,4,322,317. . . , , ^TT^^ 

:.i i' I'.is. highly desired to ba-ahi. . 
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which is in the -foina of -a sheeli.of controlled ., 
xnicroporosity capable, of permitting entry: and mobility of 
electrolyte therein, which can thereby increase the / 
electrode^'s activity..* In! addition c,to = the above, it is 
highly desired to be able to 'provide a polymer bonded 
electrode especially : a JTiSj-- polymer bonded electrode, 
which exhibits high i charge, density? which is capable of 
sustaining high, discharge grates; and which is capable of 
exhibiting very low capacity - loss, upon charge-discharge 
cycling; ^ -^s . fcic^;^ -• :>J;: . -.-cc-. ,; , ; t , ■ . 

Upon initial consideration, : it might be assumed that 
many binding materials '.could be used as alternatives to 
'the? small number: of: materials presently used and obtain 
- the: desired- resul ts. iiHoweverv.. although there are a large 
number of ; polymersr available: as binders. . in many 
applications including- as- electrode binders , a selection 
of -aispecific binder is not obvious to the . artisan when - 
attempting to provide a chalcogenide, especially a TiSj 
filled., cathodic electrode because: of the many factors 
-which: influence the results one obtains, with any , 
^particular'binder.-v . Among;,. the major, factors which 
influences the results.^obtained arer.. (1) the solubility 
ofi the- binder in the' organic electrolytes which . are 
required in this application; :( 2) the chemical stability 
of the polymer at the electrode, potential realizing that 
many; cells are operated at different potentials; (3) the 
stability of the electrochemically active and electrically 
conductive materials used in combination .with . a particular 
: binder, and under the conditions needed, for fabrication; 
(4). the ability of the: polymer to bind the particulate 
material; into a unitary st3nicture at very low 
concentrations . in order to- provide a. cathodic electrode 
u with good performance; r (5): the .ability ..and ease of 



obtaining a uniform distribution ofi the binder, with the 
active: material of the electrode; . (6) the^ ability of the 
polymer to maintain a* stable caithodic electrode. capable of 
undergoing- a multiplicity i of charge-discharge, cycling; (7) 
the- nuxhber. and ease 'of . the steps required.. to obtain the 
desired? cathodic electrode; and . (8) -the safety, vuthe; 
availability of material and the cost. Thus, selection of 
a polymer for use ''in forming a high performance . electrode 
containing metal chalcogenides has beenta difficult task 
because of the above factors which impose severe. 
restrictions and "limitations . : : s—i^ - ^ -cr 

" > Applicants -disclose herein polymer.- bondedv.electrodes 
including, the preferred TiSg^. electrodes .which /xcon tain 

-ultrafine conductive carbon: particulates^to: enhance;, the 
electrical conductivity of the' resultant J sheet. - However, 
the "use of such high surface area conductive^ carbon 

r reduces the- charge density of the electrode, and. thus ;^ 

£feducesithe capacity of thei battery system. -' In addition, 
ih'" some instances the presence' of carbon may/icausex.'::: 
electrolyte^ decomposition which shortens the life ^ of the 
battery,;" ? Applicants; also ' herein describe sheet products 

■providing'^ a cathode having high^ electrical conductivity 
and ' electrochemical activity without the . difficulties 
associated with the aiddition of; conductive . diluents , such 

as ^ carbon..:^ ..'^r: . : vr - r r> :zT-r:rr^ ■.■^ z'''^ ~- 

Pinally , an . important component of a- battery, is the 
separator.: This component. is normally in the form of a 
separate sheet material inserted between electrodes of 
opposite polarity to prevent their contacting, one another. 
In batteries", such as presently described,, the. separator 
must be inert with respect to the other components,, be 
capable of peannitting- electrolytic conduction:. through the 
separator and, in secondary batteries,- it roust be able to 
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inhibit- and prevent dendritic shorting. Because of the ^ 
types of polymers used in forming the cathodic 'electrodes/, 
especially inert Teflon, the separator has been a separate 
compQnent. This causes additional -effort in assembling 
the cell, v?^^®^' jeffectiveness is impaired as the 
separator tends to shrink or migrate thus allowing rexposed 
areas^pf electrodes. ^ Finally r such individual separator ; 
membranes do not, provide ^a means , of .effectively inhibi.ting. 
dendrite formation and shorting therefrom. Normally r thetoi 
edge portions of the electrodes remain exposed to permit 
dendrite shorting. To overcome thiS/ it has been proposed 
that the light metal electrode be encapsulated by a 
separator type envelope. . However, this has many ^: r r - 
complications due to the,. high:^reactivity ; of the light l . j^l - 
metal, especially lithiiam. > ; : c - .% 

_ It is. highly desired to form a sheet product suitable 
for use in forming a cathodic electrode product composed - 
of a polymer-bonded cathodic electrode ^which is integrally, 
bonded to and encompassed by a composition capable of . 
functioning as an inert microporous separator .membrane. 7 - 
It is further highly desired that_the sheet product and ,5 : 
the cathodic electrode product have good mechanical r 
integrity, be flexible smd capable of being f ormed^into r 
various configurations rec[uired for ^different battery 
designs. It is still further highly desired that cathodic 
electrode product permit high utilization of the active 
material and maintain the high activity : after subjection 
to a multiplicity of charge /discharge, cycles* 

It has now been discovered that a .cathodic polymer „ 
bonded; electrode suitable for use in non-ragueous batteries 
can be readily formed in a manner which provides a • : . 
superior electrode and overcomes the -processing problems.:. 




0243653 

associated with Teflon and other presently used polymers 
as' described above.'' .•iJ'^'-j" a.'i c-x^--: ...';c ■_; b:."; 

;: -j-r-. - A S r i Sraninary ^of the-'inventioiP -i:/* o f . , r - v : 
r The present invention is directed to a- polymer- bonded'' 
electrode; and to a rion-aguebus battery^system "cohtaining"^ 
said electrode^ product in - which the electrode is'^'a \hin, ' 
microporotfs sheet composed f^of from -2 30-^ weight' percent - 
polyethylene/ 70 - 98 weight percent 'bf parH:aculate 
material composed - of - electrocheinicaliy activ^' a 
electrically conductive materials and from "0 "- 5 weight 
percent of an organic plas ticizer for the' polyethylene .-^ 
The sheet is prepared by forming a subsliahtially uniform 
mixturej;of the components with from 20 to '60 volume -- 
percent excess of plasticizer, shaping the mixture into a " 
sheet and extracting 'substantially all of the plas ticizer 
therefrom. The resultant product is a flexible sheet 
material - which possesses a high degree' 6 . ^ 

integrity, strength and 'uniformity, has a controlled pore 
volume of -fromi^lS to: 60 volime pierWrit with" pore size of 
narrow: distribution arid exhibits high conductivity of at - 
least 0.1 reciprocar ohm-cm arid preferably at least 0.3 
reciprbcal''bhm-<ari. " ^a-.c .ti-;.- . .■: --ii.^ 

The preferred prbduct of the present invention is a 
TiS2 polymer bonded electrode of particular components and 
composition and to a non-aqueous battery system containing 
said electrode product in which the electrode is a thin, 
microporous sheet composed of from 6 - 10 weight percent 
polyethylene of a weight average molecular weight of from 
200>000 to 500,000, -90 - 94 weight percent of titanium " 
disulfide and from 0"-'2 weight percent of an organic' ' 
plasticizer , for the polyethylene .'^ The "she^et-is prepared ' ' 
by initially forming a substantially uniform mixture of 




the. components with excess plastlclzer,' shaping .the 
mixture into'a sheet/ extracting. a portion of. the u 
plasticizer,' compressing the sheet and then .extracting the 
remainder of the plasticizer.^ Theresultant product is a 
flexible sheet material which possesses a high degree of 
mechanical 'integrity > „ strength and uniformityr .has a 
controlled pore volume of from 15 . to 25 ^ percent with pore 
size 'Of narrow: distribution and exhibits high conductivity 
of at least, 0.15 reciprocal ohm-cm and preferably^jatrleast 
0.3 reciprocal ohm-cm. r/ c '^ ^ . . / ^ .,v; . 

.u.The present invention- is -also directed to a 
microporous unitary chalcogenide cathodic ^ 
electrode-separator product formed using the sheet product 
of the present' invention; wherein the electrode product 
comprises an inner core having. a composition^ which is 
highly filled with an electrically conductive and * 
lelectrochemically active particulate material and an outer 
portion foraing each of the two major surf aces, of the 
sheet product composed of a composition of from about 7 - 
'36 weight percent- polyolef in having weight average : 
molecular weight of at least 100,000/ .from about 50. - 93 
weight percent of an inert filler and from 0 r 15, weight 
percent of a placticizer for said olefin;^ and an 
. electronically conductive sipterial in intimate contact and 
extending from the inner core composition.., r - 

- :The polymer bonded electrode product formed according 
to, the present invention is .capable of exhibiting high 
degree of activity even after subjection to a . large number 
: of charge/discharge cycles, * ,c 

/:.:.r n IV. Detailed Description of the Invention 
. . , 7 : The: polymer bonded electrode of the present invention 
is in the form of a thin sheet which is required to be 
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formed from a homogeneous: admixture, of polyethylene,*. a 
plaatibizer for the. polyethylene, -and particulate material 
having; a combination of . electrochemical:: active and - 
electrically ; conductive properties .'as are described . herein 
below^ i: ^■i j.ic^:^ i;*r:„r^.: l:}tioi^:K :^£-:^uc. ;c • 

».The polymer electrode f of,: the vihstant invention- is 
.formed- through: a series of precursor materials.:: - - -cv: 
Generally, a uniform admixture .is initially. tformed? of 
polymer y plasticlzer andf particulate material. X The 
admixture is capable of exhibiting- sufficient flow and 
rheological characteristics to: permit: the? admixture to be 
readily processed: and shaped- at relatively low ■ ■3-- v 
temperatures (i.e. 25?C-170«»C); rAnz initial sheet is' 
formed from the admixture.. The plasticizer. compoheht is 
then, removed; from the initial sheet. ..This- removal/;r> 
normally occurs subsequent to the forming, of a laminate in 
which a metal screen. (a current collector) - is laminated to 
a sheet, or sandwiched between two sheets to provide . an 
electrode product. : The final electrode product,, having 
had the.'plasticizer component substantially removed, is a 
highly filledv (normally 85 wt.% of greater) product useful 
as a ipolymer bonded electrode..'; r , ■ 

The present -invention, requires the: utilization . of 
polyethylene of high density. The polyethylene should 
have a weight average molecular weight, of at least about 
150,000 and is preferably selected from higher molecular 
weights such as from about 200,000 to 5,000,000. .The most 
preferred polyethylene s 'are homopolyitiers of high molecular 
weight such as of a weight average molecular weight of 
200,000 to 500,000. The term "polyethylene", as used 
herein and. in the . appended claijns ^ shall^ean high density 
polyethylene vhomopolymers or polyethylene copolymers in 
which copolinner is formed from olefinic monomers such as 



ethylene, propylene^, butene-1, acfylate and the' like with 



the'ma jor (at least "80 percent) ^>lefin^ moiibnier being ' 
ethylene. 

The' polymer component used in forming "the sub j ect ' 
electrode product" can' be comprised of a mixture of a high 
mbiecuiar weight " polyethylene and a low molecular weiglit 
polyethylene. The mixture can be formed f 1:6m about ^5 ^-- 95 
weight percent of a higli molecular weight polymeif and 
corresponding 95 - 5 weight' percent of a low molecular 
weight polymer. The term "high molecular weight polymer" 
is intended to r^fer to a^' polymer having a weight average 
molecular weight of at least 25a, 000 and "low molecular " 
polymer" refers to a polymer having ^a weight average *^ 
molecular weight of from about 100,000 "to 250,000. 

The plasticizer of the instant composilzion must be 
present in the initial formulating and processing €o"form 
an initial sheet product, as more fully described Helow. -- 
TheT^ plasticizer provides the means of fabricating the " 
composition to' a^ uniform consistency and to ^aid in * ' 7 *^ 
indufcing aiid controlling the degree of porosity, the pore 
size distribution and uriifoariuity of porosity^ throughout 
the resultant sheet product ."^ ' / T 

* Plasticizers' suitable for the instant invention are 
compounds' which 'are capable of plasticizing polyethylene^ 
under the elevated temperature and/or pressure process 
conditions , are siibstantially inert with respect to the 
particulate material used "herein, and are substantially 
soluble in^an organic solvent which is a non-solvent with 
respect to tlie polymer ' component descrJLbed above and the 
particulate material des'crilDed below which are used * in 
forming a particular composition. Representatives of such 
plasticizers" are organic esters, such as ^sebacates, 
phthalates, stearates, adipates and citrates; epoxy 



compounds such as epoxidlied vegetable oil, phosphate 

.Phosphate, hydrocarbon materials 

• ^"^.^ 1^^^^ .^E^ and^ fuel' 

oils, hydrocarbon resin and asphal't and" pure cc«npouhds 

^''°l./4cfi^°^-^V .*'°'?^^"»»«-i«'aene . resins and terpene ' " 
resins, .taU oil and . linseed; oil/ '^f^^^^^^^^ - ^ 

P^?^^*^'^?^ are hydroc«b^ 

plasl^iciz^r is generally substantial^ f^ee of y^"' 

(anhydrous) and,^ therefo^,;com^i^ie ^i^k. the subje^ 
battery __system. ; - ■ -'-fe-^^- -..i ^. o 

, ,_ ,- The\ organic plasticizer tused h4ei^^^ • ' 

fabricating: the .sheet product "and in imparting 
microporo8ity_>o jhe res^ volxime of ' 

the resultant ^sheet will be directly- .dependent u^on ' the 
amount of plasticizer used to, form the initial composition 
^5W-i>.f plasticizer^ extracted to provide the • 
yotdyol^es orihe. final sheet: 
product may range from about IS^voiume. percent to about 60 
volume percent .,v,ith from.; about .2 5 to ;46 . volume percent 
being preferred. Higher . ranges are normally acceptable ' 
sheet products having higher cross-sectional ' " 
dimensions. ' The sheets void volume^i^^ of a microporous 
'^^^'^'i^y^^'^ ^f^^^^lly; have narrow distribution ^^^^ are 
of low mean diameter . (i.e. 0 .05 Vto O.V microns) and be 
determined by standard mercury intrusion techniques . ' 

The particulate material required in' forming" the 
present admixture and, the resa^^^^ is composed of 

the cathodic electrochemical^ .- 
conductive materials.- They n^ust be . in particul^ form';" 
smaller particle size materiaOsiich as a mean particle 
fj^?.-? ^M:"^"^^ or:iess:and'prefe.^bly less 
10 macronsi^Hs. preferred to enhaiice^inViinaVe contact 
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between 1:he par1:lcles of electirochemically active material 
contained in the resultant electrode. ^The term 
"electrocheniicaliy active" refers herein and. in, the ^ 
appended claims to the ability_of a material^ to enter and 
participate iii a redox reaction ^^during the operation and 
in the environment of cui electrochemical cell. The term 
•electrically conductive" refers herein and JLn, the 
appended claims to the ability of a material to exhibit 
low resistance to the passage of electrons. , _ . .. 

The particulate material used. herein will be selected 
from the- chalcogenide compounds described below alone or 
with electrically conductive diluent also, described, below. 
The materials , should be such as to provide an electrode 
sheet product capable of exhibiting an overall, ^ ^ 
conductivity of at least about 0 . 1 reciprocal ohm-cm. . 
When a cathodically-active material has low electrical 
conductivity (the majority of the chalcogenide exhibit ^ 
less than about 0.001 reciprocal ohm-cm) they must bemused 
in^ combination with conductive_diluent/ as . described 
"below., . ^ _ . - ...^ ^ _ 

« The particulate material can be one or more of the 
chalcogenide compounds which have, the appropriate crystal 
structure to exhibit .electrical conductivity. The , 
compounds are selected from. sulfides, oxides, selenides, 
and tellurides of titanium, zirconium, hafnium, niobium, 
manganese, copper, iron, tantalum, chromium, and, vanadium. 
In general, such, chalcogenides. contain about 1.8 to about 
3.2 atoms of the, chalcogen per metal atom.. 
Advantageously, when forming a secondary battery the 
cathodic electrode^ is . preferably selected .from a 
chalcogenide of titanixim and most preferably 
electrochemically active and electrically conductive . 
titanium disulfide. „ When forming a^ primary battery^ 
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preferred chalcogeriides "are formed from vknidiAi^f^Bxxdh'iiB 
V-Og , iron and copper espedially "the sulfides of iiron^ind 
copper. Also, among the chalcogenides , those which contain 
"^about" i . 8 to about " 2 . i atoms of chaico^en 'pir "metal 
commohly referred to* as the dichalcogenides/ are ^ r 
preferred, ^-^^"^^ - c: -1. /il 

Examples of cathodie-active materials^which Way%e^^ 
useful" and which ' are ^eiected ^ f rom the' above 
chalcogenides are titanixan disulfide/ 2irconixirti"^d^^ 
hafnium' disulfide triselenidef '^tkntalum 
disulfide, vanadium disulfide; vanadium di^elenide^ and 
"^vanadium diteiluride as well '^as vahadixun ' oxide such as 
VgOg and VgO^J^. ^Also ihclud^ are^the chaldogenid^^ 
having more than one of the mentioned me 

^o.25^^o.75^2.o* ihcitided are" those 'chalcogenides 

having metals other than those* described above included, 
e.g. V vanadium iron disulfide. Lastiy/ it should be noted 
that while the trichalcogehides arid dichalcogenideis are • 
described , the present^ invention is not" limiteia thei-eto 
and may include, for example, the pentachalcogenides^'and 

^th^-liJce.':^' --v . 

it has been unexpectiedly found that by using"^ ' ^ 

particulate itiateriai of the particle sii^V herein desciribed 

one obtains an electrode of high energy density and^ 

stability . The mean particle size of the material should 

be 30 microns or less preferably 20 microns or less^and 

most preferably 15 microns or less. Smaller particle size 

material is preferred to enhance intimate contact^ between 
the particles^ „ ; . : . . : : , v-iv.:: v 

In a preferred' embodiment, the polymer-electrodeV of 
i-h«^ present invention^ are formed with the particuia^ie 
material, "Kitanium disulfide. in addition to the titaniim 
disulfide, the particulate material can^ also contaiii minor 
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ainoun^s of (less tiian abou^ 20 weight percent) 
cathbdic-active particulate material selected from 
sulfides, selenides and tellxirides of vanadixim, hafnixxm, 
niobiiua, "zirconium or* tantalim as well as selenides and 
tfellurides ' of titanium and oxides of vanadium, or chromium 
and mixtures thereof The preferred resultant polymer ^ 
bonded ^electrode has titanium disulfide as the sole 
catUbdic "electrochemical active material . Examples of ^ 
'cathode-active materials "which may^ be used in combination 
with titanium disulfide, are zirconium disulfide, hafnium 
disulfide, niobiiim triselenide, tantaltam disulfide, ^ 
vanadium disulfide, vanadium diselenide 'and vanadium, 
ditelluride. Also included are materials having more than 
one of the mentioned metals, e.g., 25 . T^o 75 ^2«0* 
Also included .are those materials having additional metals 
other than those described above included e.g. vanadium 
irbii disulfide,^ sodium titanium disulfide and lithium ^ 
titanium disulfide. 

The particulate chalcogeriide may further comprise « 
niinor amounts (up to*^ about 30 weight percent preferably up 
to about 20 weight percent) of conductive diluent such as 
high surface area conductive carbon black. The diluent, is 
normally of ultrafine particle size of from about 1 to, 100 
millimicrons and have a (BET) " surf ace area of at least 
40 m /g, preferably at least 70 m /g and most preferably 
'from 70 to 2000 m /g. The carbon can serve several roles 
to enhance^ the subject" electrode. In instances where the 
pari:iculate chalcogenide used has good electronic „ . 
conductivity, the carbon merely acts as an electrical 
^condtxctive bridge .between particles of chalcogenide to. 
further enhance the total properties of the resultant 
electrode. Where the chalcogenide has poor electronic 
conductivity i.e. V^O- (high resistance) the conductive 
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diluent provides a means for carrying ^ the electron, to 
current collector from the eiectrochemically active,,^, 
chalcdgenide'^ site . _ " , T \ . , • , 

^: u'-v.; -^^-g »^t^-£^^-^^^^^ material,' either . singly,. or in ., 
coihbihatiohs as described^herein, jnust, be capable, . when 
placed in the present polymer ^ of causing the ^ , 

resultant ^electrode sheet product ^ of this ..invention rto,,^ 
exhibit "an dverail 'eiectricar^^^^ at least 

about 0 • 1 (preferably 0 .3) reciprocal ohm-cm, ^ It , is known 
that most materials which are capable of exhibiting ; ^ 
cathodic activity have normally been found to provide very 
low conductivity of, for example, less 7than_0. ^001 . 
reciprocal ohm-cm • ih 'prior art products ^ . ' _ , . 
,^ - addition to the above described components, the. 
initially formed admixture may further contain , 
conventional stal?ilizers/ antioxidants, wetting agents,^ 
prodessing >ids' 6^^^^ Representative of 

stabilizers are 4 ,4-thiobis (6-tertbutyl-m-cresol) ,. sold 
commercially under the tradename ant onpx" and ^ 
2 , 6-diteVt-butyr-4-^ commercially under 

the tradename "ibnol". ExMiples of known commercially • 
available wetting agents inclu^^^^ sodium alkyl benzene . 
sulfonate, sodixam lauryl sulfate, dioctyl sodium, 
' sulfosuccinate, and isooctyl phenyl polyethoxy ethanal. 
Processing aids include* stearates, graphite and the like. 
The above-described components can be readily, formed 
into ia' substantially homogeneous admixtu The , initial 

admixturel should be formed by blending from about 5 to 35 
(preferably 5 - 20) volume percent, polymer, from about 25 
to 75 (preferably 40 to 60) volume percent, of particulate 
r^a'terial and from about 20 to 50 volume percent of . . 
polymer ic^'piasticizer . 
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.The blending of the components can be readily 
accomplished by conventional means such as by. initially 
mixing at room temperature ' in a blender ' and then in a 
Banbury; Brabender br sigma blade mixex or the like at ^ 
moderate (about- 25 tb about 170^C, preferably from about 
120^ to about 160^0 *^t«npera1:ures . The blending and ^ ^ 
processing is preferably done under dry conditions to , 
avoid* water" pick-up by the materials. ^ ^ 
- It has been found that even though' the, present 
product has extremely high particulate content r the. 
admixtures required by the present invention exhibit . 
rheological properties which permit them to be readily , 
shaped and formed into thin sheet products . of less than 
about 50 mils, preferably less thaii'about 20 mils. It 
must be understood that the "particular thickness can^be 
customized by the- artisaji based on the battery design and 
its acceptable drain rater Sheet products and electrodes 
therefrom caii be miade of less than 5 mils? and even less, 
than .3 mils thickritess • Sheet products ^made by presently 
known conventional' techniques can not be formed of such 
thin dimensions and maintain' good mechanical properties as 
is attainable by sheet products of the "present invention. 
The term "sheet" "as used herein and in the appended claims 
refers to a shaped product having extensive length and _ 
breath dimensions and of ^thi'n cross-section euid which may 
have major surfaces which 'are substantially flat or of a, 
predetermined design. The initial sheet product can be 
readily formed from the admixture by subjecting the 
admixture' "do extrusion , ' calendering , ^ in j ection molding or 
compression molding" processing. All of these processing 
means ; are capable"^ of producing the ^ initial sheet in large 
volume using ' low labor ' involvement . The most preferred 
method* is extrusion of- the admix txire using a^ conventional 
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extrusion apparatus to continuously provide initial sheet 

product"."';'"^ • • 

' >^ sheet , (a sheet having high 

^•^"if^' yif^'^^^t «:««ily accomplished 

at' moderate pperating conditions, including :lpw ; :-ri- - : 
•temperatuW^^^^^ abput/25. to 175°C.rand preferably from 

Such, temperatvires allow formation of 
sheet product' using cpmppiients normally, deemed^unsuitable 
under known slvxry processes. Further- the. present process 
provides a sheet which. .is. f^eestand^ has substantial 

^^■H^*'^*^®" particulate material., throughout 
its length; and> as well as across its 

cross-sec^onai dijnen^ ,^ .... - - . ,.. - 

" ' readily , made . into a 
^^^^^[^^^di^' ei&cir^de by, lamina ting a , conventional 
current collector with at least one sheet,, of , the present 
.^""^^^^f®"--. T^e plasticizer component can be extracted, as 
^^^^tJ^^^^r J'^^'''^ '^^ ^subsequent to lamination with 

preferred to. initially form 
^^^F'^r^^y^^ .r^*^ : o«® • sheet with a - 

y^^^P^^ ..and ^then extract the 
'plasticizer mater^^^ - . . 

J ^^®3°.'ff "0""ally ,a screen , grid, 
expanded metal, woven pr^ non-woven fabric or. the like 1 
formed froxa efficient ^ materials such 

as carbon, or metals such as copper, aluminum, nickel,-, 
steel, lead, iron or the like... The current collector, . 
when- laminated 'to /the final product (a sheet j; .' 

substantiaiiy. comprising particulate material -bonded by 

invention, ^^providesja^ i resistance path . ^ 

^® #^^ve>aterial and~the!^ ; - 

I'^'^?^f,^f5«e|'P^of«^ or without the presence rof 



plasticizer, is a pliable and moldable material which can 
be readily laminated to the collector screen by . -, 
concurrently passing ia screen and at least one sheet 
through a set of nip rollers or the like , to press (under 
low pressure and preferably at moderate temperatures of 
about 25 to 170^0 -to produce a laminate product. H^./s 
preferred that, the lamine^te be of a configuration of a 
screen sandwiched between. ^and thereby embedded. in) two 
sheets although a laminate of a single sheet. and single 
screen may be desired in certain appliqations . The. 
laminate can be most readily formed by utilizing an 
initial sheet product immediately after its production to 
utilize the sheet in its elevated temperature state. -. 
. r The plasticizer contained in the initial ^formed sheet 
should be substantially completely removed, by means of 
extraction using suitable solvent. . The composition of the 
resultant electrode will depend upon the degree of . . ' 
extraction „of the plasticizer. - The. plasticizer can. be 
substantially completely removed, leaving a microporous 
polymeric sheet product which is highly filled with 
cathodic active material. The resultant sheet prodiuct 
exhibits good physical properties and a high degree of 
microporosity. The exact degree of microporosity .is_, 
induced and regulated to a . large degree by the amount of 
plasticizer used and extracted. The microporosity 
character of the resultant polymer bonded electrode 
provides a means to permit the electrolyte to.be in . 
intimate contact with a very high percentage^ of the, 
particulate material. It is believed, although not meant 
to be. a limitation on the present invention, that the 
microporous structure of the sheet permits the particles 
. residing ^in- the interior of the sheet to. be more active. 



The procedure for extraction of the plaetlci'zer from 
a sheet product Is well known and is hot meant- to form a 
part of the present invention, per se, A single stage 
extraction can be used; The sblvehi- or extract ion-^^^ 
conditions should ' be 'chosen^ so that th^ pblyolef in - and 
particulate material are essentially insoluble; ' For ^ 
example; when petrble\im oil' is to lie extracted from the 
formed sheet^ the^ fbllbwing^ solvents are suitable; 
chlorinated hs^r^bcarbonsV such ^as t^ 

tetrachibroethylene, carbon tetrachloride methylene ^ 
chloride/ tetrachlVroethane/ etc, / ais well* as hydrbcarbon 
solvents^ such as- hexahe, benzene, petroieim ether ' 
toiu^neV cyclohexane, gasoline/ etc. Aqueoias^ solvents 
should not be used. — ^ - - ... 

This e^xtr action temperature ^ range anywhere from 
room t^perature up to the melting-point of the polyblefin 
as long as the polyolefin does hot dissolve .^^ The ■ 
temperature can be maintained such that all components 
remain stable "and^ are not adversely effected;- 
I c x^ extraction will vary depending upon 

the temperature used and the nature of the plasticizer or 
filler being extracted. For example, when a higher 
temperature is used, the extraction time for an oil of low 
viscosity can be a very short time of up to only a few 
minutes , ' whereas 'if the extraction ^Is performed at room 
temperature, the time requirement will be greater. ' 

The final composition of the polymer-bonded electrode 
sheet product will depend upbn the original composition 
and the degree of extraction of the plasticizer from' the 
sheet product; The extracted sheet normally hias from 
about 2 to 30 weight percent polyethylene, about 70 to 98 
'Weight percent particulate material, and from about 0 to 5 
^ weight percent plasticizer. The' moire preferred electrode 



•cOTprise a iaixture of from 4 to 15 weight percent 
poiyolefin/ SS^'to'Jse weight percent: particular material, 
.^and from' 0 to 3 weight percent plasticiz'er.' 
lj' ' * -'ln- ^''^ptef erred emb6diment, 8 weight "percent 
^pol^eth^le^ef 71 weight^percent pirticulat.^' mater^^ and 
^'21 wWight' percent pl^sticizer'^are^'^^ together ; 

^t Jhided to pro^^ide" "a 'flit ' sheet and then "siif f icient ^ 
'''pi^^ticizer is extracted iTo >rbvidie a f in^^ electrode 

sheet composed or 10 weight percent poly^^ 89 weight 

" percent "particulate ^material ; 'and 1 weight percent ■ 

plasticizer.' " / 

. f; .:iA- r.u c;-7 - ■ -■ ■ ■ ■ -'-^ ="-.7 . :. . ' ■•• " ■• ■■' 

,r. - . ., •< ■ . ■ s-r'-" ■ - •■ ' ■ 

'^ Preferred Embodiment ' " ' - ~ . , ^ 

^' A ^preferred polymer bonded ^eet "product suitable for 

use as a .cathbdic electrode in hoii-aqueous batteries is a 
mlcroporous sheet composed of a specific combination of 
components and amounts of from' 6 10 weight percent 
polyethylene having a" molecular weight of 200,000 to 
1 sodidbq, 90 - 94 weight percent of titanitmi disulfide - 
!l^'pii:ticxiiat^ iiat^^^ from o' to 2 weighty percent of a 

; piastifeizea: for the polyethylene; the' sheet having a^void 
" voiuirie of ' from^'15 to 25 ' percent ^ The microporous- she^^ is 
not reqiiired to contain conductive diluent such as_ carbon- 
to achieve" tlie highly" effective product. 

The foraed electrode exhibits' high charge 'density, is 
capable of sustaining high discharge rates and is capable 
of exhibiting very' Ibw capacity" loss upon' charge-discharge 
cycling. ~ — ~ ^ - 

" ' The piref erred embodiment' requires the utilization of 
' ' poiyethylene of high density which has a weight average 
molecular "weight of 200,000 to" 500, 000. Polyethylene 
homopolymers are'iaost preferred. 
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Suitable organic. plastlcizers used herein are the 
same as^ described^ herein above. They . are used, herein., to 
aid in fabricating the sheet product and in .imparting^ 
microporosity to the resultant sheet. The void ..volume of 
the resultanX sheet^ dependent ,uppn ^lAe 

amount of plasticizer pontained in .the intermediate sheet 
prior ^ to fsub jecting. the ^sheet to ^compression and to the 
eunount of plasticizer extracted therefrom to provide the 
final sheet product. Void volumes of the final sheet 
product may range from 15 to 25 . voltame percent „,with from 
about 15 to 22 volume percent being pref erred. Electrodes 
with higher ranges of void volxame have been found to 
exhibit much higher capacity loss. The sheets void ^volume 
is ,of a microporpus character ^ whichj gene narrow 
pore. size , distribution and are pf low ^mean ^diameter (i.e. 
0*01 to 0.5, microns) and can be determined by standard 
mercury, intrusion techniques . . , 

, The particulate material required. in forming_the 
present admixture, and the ^resultant sheet is composed of 
the cathpdiceiectrochemicaiiy active and electrically 
conductive, titanium disulfide. The titanium disulfide 
must, be^, in ^particulate ^fora. The ""mean particle size of the 
material should be 30 microns or less and preferably 15 
microns or less. Smaller particle size material is 
preferred to„ enhance intimate contact between the 
^particles of electrochemically active material contained 
in the resultant electrode. It has been unexpectedly 
found that by using titanium disulfide and polyethylene in 
the amounts and . of the, type described hereinabove in an 
electrode having the^ particular void volume of , from;, 15 to 
25 voltime percent one obtains an. electrode which can 
rnstain its capacity over a^ large niimber of . 
charge-discharge cycling. 
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' in additibn to the' above described components, the 
initially fbroed 'adnixtu±e"may further con tainj ' " ,7 
conventional stabilizers , antioxidants,® wetting agents 
processing aids'^ or nirxttires thereof^ as described herein" ' 

above* ^ , ^ ? ^ .--r . ^ /-,--^;> ? - • --vf ..rr*"^.. 

^ The aboVe-^described components can be readily formed 

into a stibstantialiy homogeneous" adinixttirieV The initial ^ 

admixtiire sho'uid be f oriaed by blending from abbut 3 to 30 * 

{preferably "12 to 20) ) volume percent 'pblymer,' from 

27 to 76 (preferaiaiy 40 'to 55) yqlxime percent of TiS^^^d 

from ^out '20^ to' 70 voltime percent of jxslyme'ric ° _ 

plasticiz^. The blending "of the comporierits can be ^ 

readily accampiished'by 'conventional "means as described " 

herein' "above. ' .S- - „ • -• . 

Th^ initially fofmed sheet can be formed into a f inal'^ 
sheet ^ibduct suitable as "a cathode through the - 

formation "and processing 6f ^kri' interiiediate^ sheet product. 
TliefioCTied initial " sheet , as' described 'hereinabove - ^ - ^ 
cpntains'a yeiy >igh percentage of plasticizer. ^Reimo^^ 
ol "subsi:antially ail of the plasticizer would provide > 
sheet prbduct highly loaded with' TiS 2 "and having a large 
void volvime. Such shiee^ products "do ' not eachibit the ^ 
ability to sustain its capabity over a large number ^of'^^ 
charge-discharge cj^clihg . However / when the final sheet 
is formed as described herein below, one unexpectedly 
achieves ; the desired product. "SucH a final sheet can be 
achieved by processing an initially formed sheet into an 
intermediate sheet having from about" 10 to 22 volume 
percent plasticizer therein. Such an intermediate sheet _ 
can be formed by "a variety of manners' such as" by ^a) ^ 
removing a portion of the plasticizer contained in the 
initial sheet to reduce the plasticizer content to between 
10 and 22 volume percent; (b) removing substantially all 
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o£ the plasticlzer contained in the Initial sheet and then 
causing a fixed.amount of plasticizer to be absorbed iiito 
the sheet to providftj a?^ interm|di^ vA. cx-Jn. 

Dlasticizer content. of, from, ior to, 22" volume^ percent?^ o^^^ 
(c) forming the., initial . sheet from, mixtures, of a_ first and 
a second plasticizer which have mutually exclusive . 
solubility , in two ^solvents usef ul ^for extraction, . removing 
the" first., plasticizer "such^ a8~>ir^'Vxtrac\i^^^ ''or'' tW like ^_ _ ^ 
with a solvent which is . a substantial non-soivent for the , 
second plasticizer tJierein ^o, thus. Provide an intermediate 
sheet having ,f rom 10 to '22. voltame percent of the second ^ ; 
plasticizer. .The. intermediate sheet is then comipressed 
such as by passing the sheet through nip rollers oj: the 
like tp. cause the shee't ,to Jae .substantially nqnporous . . . ^ 

The compressed intermediate sheet is then subjected to 

extraction .or the like to remove subs tantial;ly all of the 
plasticizer contained .in the intea^ediate sheet tp provide 
a resultant sheet product having ^6 to 10 weight percent 
poiyethyiene7 9^ percent TiSj ^a^^^ 0 to 2 

weight percent plasticizer as described h« - ^ 

Jlhe ^ formed she^ as the initial, inteOT^ 
or final sheet, can be readily made into a sui^^ ^ 
cathodic electrode by ..laminating a conventional current 
collector with at ^ least one sh^et of the present 
invention. . ,The plasticizer component can be extracted, in 
the same manner as described above either prior or 
subsequent _to lamination with the current collector. _ It^, 
is preferred to, form the laminate structure of at least . 
one sheet^'with a suitable current collector prior to 
extraction of ail of the plasticizer material . One 
preferred mode is to fo^^^ the laminate structure diiring 
the compression of the intermediate sheet, as discussed 



The sheet product:, with or without the presence of 
plasticizer. Is a pliable self supporting and xnoldable 
material which can be readily laminated to the collector 
screen in the manner described above. ^ The final product, 
having , had, tJtie plasticizer component substantially^ 
completely removed,, is composed of from ,6 to^ 10 weight 
percent^ of^ polyethylene and of from 90 to 94^weight . 
percent TiS2. The resultant product has, a void volume of 
from 15 - 25, percent and is useful as a polymer bonded 
electrode. J, " ;: .-:>- . " — - 

Preferred Embodiment li , . . - 

Another preferred embodiment of the subject invention 
is directed to a unitary microporqus chalcogenide 
(preferably TiS-) cathodic electrode- separator, product.. 
It shaii be seen that the resultant product shall have cm 
inner core having an electochemically active and • 
elec-drocally conductive composition substantially , as , 
described for the sheet products above and, in addition, 
shall have outer surfaces which are inert with respect to 
the battery system but which permits electrolytic passages 
and prevents dendristatic formation. ^ , ^ * 

For clarity, the electrode-separator product, of the 
present invention shall be described herein using certain 
terms which shall have the following definitions: 

"sheet" or "'membrane" shall mean a broad 
substantially planer material having major surfaces and 
edges defining its length, breadth and thickness .,. The 
sheet may be inert or, passive with respect to an 
eiectrbchemical reaction or may be formed with 
electrochemical ly active and electrically conductive 
material (s) . . r; 
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... , • •„ 5-.- ..<..•■..•■: .- ■■'■-■r:-.L- ♦t'-T'^'- 
is; ^ tipij-gt sheet" or "core material'' shall, refer to a^ 

composition containing; a high perc^ritag^^ of^ cathpdic ^ 

e'lectrochemically active Wd e 

particulate matiBrial" or' mixture ^^o^^^^^ ^ . .. - v 

"SeWdnH' sHeet" ;or "qute^ ~8urf ace m^^ 
refer 'to a cOTiposYtion whi:^^^^ .i'^®!??^ f^^^l 

passive^ witll respect to this' eiectroch^ 
•light? metal^'SbonWliTing; batl^ery '^i;^}'^'^'^ ^Z"^- * r-c**l 'ti p- -,^. 

• "Sh^et™ product'' shall with 'respect €o the . 
electrode- separator product, refer to a unitary sheet 
material formed from at least one first sheet and at ^ 1^^^ 

one second sheet* ^ ' .. 

^ - iv nBiectroch^mically active " "^shairyef er^^ to mater ial^^^ 

which iV'capkb^le bf ^' 

alkali metal,'* especially Li, (a Group lA metal of 'the 
iperiodic Chart of Elements) under t^ 

encountered by batte?r/ cell in • 

contTfined"."'7"" ' " ' .,, . ' - 

"Eie^tricaiiy con^ or ••electronically . 

■' -condudtive-^-^hall refer to material' whic^ 

exhibiting electronic conductivity of "at least _ , 

_2 -1 -1 ■■ -"5 ••■ ■ . ■' ■ - 

10 ohm cm . .. , . : 

Cur ir^ht college tor screen, ^foilj grid, 

web; woven or non-Wven fabric or t^^^ like\ formed from "an 
efficient electtonically conductive material such as 
carbon or a conductive metal. ,^ . .. 

"Electrode product** shall with respect to the 
electrode-sepkrator' product, refer to mea.n a unitary,^ 
microporous "'sheet hefving a -core \^o±med from a composition 
of at least one first s'heet, at ieast one 'cur rent J ^ 
collector "in "intimate^ contact with "the compdsitibn of the 
first snest and each major surface of the unitary"' 
microporous sheet composed of a composition of a second 
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sheet which is in intimate"^ contact and ijondeci- to the first 
'sheet coiapositibn. ' • • • - — 

" The first sheet or core of the subject cathodlc 
electrode' is ' generally formed by' 'initially blending "a 
uniform admixture of ^poiyethyleneV p^^ for the 

polyethylene and~ particulate materfa'l composed' of ' 
chalcogenide material aibne or with^ otlier- j^^^ 
material, as described^ hereinabove.^ - The specific 
descriptions giveh'"*2d30ve for the chalco^genide ' sheet 
product- and - for" the TiSj sheet product (preferred^ ' " 
embodiment I) - are' applicable in describing 'the components 
of- th^ first sheet- herein. ^'^-^ - ---^tcj. / 

■ The' components' used to form the first ^slieetT cain' be 
readily formed into a substantially liomogenebus admixture 
by initially blending" from about 5 to 35 - (preferably 5 - 
20) volume percent" polymer from about 25 to 75 
- (preferably 40' - 60)' voltame percent of Va^rticulate 
'^material* and from about 20 to 50 Volume perceriC of ' 
polyiaeric plasticizer.- The aidounts of each component can 
be adjusted by- the f ormulator to provide sufficient 
plasticizer to' eiihance processability and pr6^ride for 
i desired microporbsity while limiting the ^ :^ r ^ 
polymer-particulate ratio to provide a resultant sheet 
having very low' ratio of polymer to particulate material . 
The'firist sheet' after removal of plasticizer; "as described 
\ below,^ should"- have a'^ composition • of - from 2 30 
1 (preferably 4 15) weight percent ^polyethylene from 70 - 
98 (preferably 85 - 96) weight percent electrochemically 
active and electrically conductive particulate material; 
cOid. from 0' 5* (prief erably f rem 0 to 2) 'weight percent of 
plasticizer for. the polyethylene.' - ' 

itvin A second ' sheet or outer "surf ace material of the 
subject: electrode is formed -from an 'initial - blend of a 
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^polyolefin, an inert filler, and a plasticizer for, the 
polyolefin. The polyolefin ie preferably^high^ density 
polyethylene or^ a ^polypropylene . The most preferred 
material is a,- polyethylene, which is the same, as or similar 
^,,to that used, in forming the first sheet of the same 
resultant sheet pj^oduct. The polyolefin should^ have a 
weight, average molecular, weight of a t^ least 100,000 ^ 
preferably.^fronr. 150, 000 to 2, 000, 000-^ and most preferably 
from .lJ5p, 000 , to, 500, 000. The polyolefin can be^ a j: 
homopolymer.^pr copolymer formed from a mixture of 
hydrocarbon olefinic monomers or with other olefinic 
monomers such as acrylic acid or^ esters, j Representative 
of^ polyolef ins which may be useji are . poly eth 
, ^ . polypropylene polybutene , ethyl ener propylene copolymer , 
- ethylene-butene copolymer, ethylene-acry lie acid copolymer 
and the like.; ^Further, the polyolefin can be^ a mixture of 
two, or more polyolef ins of similar or dif f erentvweight 
average molecular weight . For example the , mixture can be 
..^ composed of a, high (greater; than 500,000) and a low : 
(100, poo -500,000) molecular weight polymers ^ 

The plasticizer for the polyolefin of the^ second 
sheet must be an organic material which is- substantially 
^ free of^^water (anhydrous) . Examples , given ; above with 
--respect to the first sheet are applicable here, - It is 
. . preferred -that the second and first plasticizers; have 

similar solubility characteristics. That is . that: they are 
solublerin a common organic solvent which is a non-solvent 
\ -^and,inert-with respect to the other components of the 
. Tex resultant. j^sheet product. ^ i-t/ j.- - r . 

, ^ The second sheet product should, contain a filler 

which is inert and passive with respect to, the other; 
components of i the ^resultant . sheet product and passive with 
respect: to ,=the electrochemical reaction , of - a non-aqueous 
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battery cell, such as a lithium battery. Examples of 
suitable inert arid passive filler material include metal 
oxides such as "those of silicon, aluminum, calcium, 
magnesium, barium, iron, zinc and tin; minerals such as 
mica, attapulgite, kaolite, talc, deatomaceous earth and 
the like^ Vrecipitated "metal si^^^ such as* calcium 

silicate and alviminum polysilicate; glass particles and 
"^the like/' The most preferred materials are selected from 
^titania, alximina and silica. It is preferred that the 
inert materials should have a particle size of from about 

6.01 to about 10 microns in ^diaineter have a surface 

- : '* r\ ' ; ■; • ^ 2- ''Vvt • .'^ - ''- 

area of from about 100 to 4000 m /cc with from about 100 

- > . . ; r o - * . - ' 'T;. ~ V. c ' * - '. l...-~• 

to^506 m /cc being preferred. ... 

The components "oiE^ the" s sheet are present in the 

initial admixture in from about 5 to 35 (preferably 10 - 

20) volume percent polyolef in , ^ from about 25 to 70 

(preferably* 30" - 60) volumis' percient of inert filler, and 

from a6out 20 to 60 Tpreferably 30 "- 50) volume percent of 

plasticizer. The resultant sheet"' after removal jof 

plasticizer is a~ substantially homogeneous composition of 

* irbm 7 - 35* weight percent polyolef in , from 50 93 weight 

percent filler and from 0 - 15 weight percent plasticizer. 

The initially formed admixture for' forming each first 

an^ second sheet' may further contain conventional 

stabilizers,^ antioxidants^ wetting agents, processing aids 

" or mixtures thereof as described for the chaiccgenide 

sheet products herein above. 1 . 

Each of the first and second sheets caii be formed in 

substantially the same manner as has been described as 

"applicable to' form the chalcogenide sheet product. Each 

admixture can^ be initially shaped and formed into thin 

sheets of less than about 50 mils and preferably less than 

about 20 mils. The total thickness of the resultant 
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electrode^ product should hot exceed about 60 inils. In a 
^re^erred" e^^ a ^irst sheet and" a secdxid sheet can 

be cbncurfently formed by 'coex€fus ion arid placed in 
"^intimate contact through the use of nip rollers or the 
like It o f 6^ first 
^ ghee t^ arid one second sheet. It is preferred that the 
' fir IB t sheet arid second sheet be combined into a. unitary 
siieet iTrbduct prior to extraction of the plasticizer (s) 
used . The *^f ormation can be readily accomplished at 
inbderate operating ; conditions , including low temperatures 
of from about'^25 tb^^ 1^ permit 
utilizatibri of components normally deemed unsuitable in 
forming cathodic electrodes'^ by presents 
'The sheet product" described hereinabove can be used 
in forming a unique cathodic electrode product suitable 
for use'iri a non-aqueous battery system. The sheet 
^ product must be placed in contact with a conventional 
burrent collector in a manner to cause the first sheet 
Wmpbnerit of the sh to be in intimate contact 

" with tlie current collects Contacting of the \collector 
with the sheet . product is normally done by pressing or 
passing the^m rollers or the like to 

cause the collector to be sufficiently^ emb^ in the 

first sheet component to remain in intimate contact 
thereafter. It is preferred to^ embed the current 
collector in the first sheet prior to further contact with 
a second sheet components. 

The current collector can be positioned to be in 
contact w^^ a sheet product described 

"above for use as the single cathodic electrbde of a cell 
or calV be^ positioned between ¥^ first sheets or two sheet 
products so x.h?t the first' sheet of each sheet product is 
in face to face and ir? intimate contact with the 
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collector. In both cases the resultant sandwiched product 
Hill thus have a Second sheet on each exposed major i , 
surface. Alternately, a 'single sheet product and. a; single 
second sheet can have a current' collector placed between 
them (again with the collector being adjacent to the first 
sheet of the sheet product) and pressed together' to form a 
sandwiched product. ^ - ' " ' -"^ " - 

The plasticizer component of each sheet can be - ^ - 
extracted, as" described below, fr6m each individual sheet, 
from each sheet product or subsequent to the lamination of 
the sheet product with i current collector and where ^ ^ 
appropriate with another sheet product or second sheet. 
It is'mbst preferred that -the extraction > be conducted-, 
after lamination has- been completed. ' ^ / . :J :5 

Although one or more of the isheets used in forming 
the present sheet product and electrode product can be 
subjected to extraction processing prior to being united 
With other sheets to form the final (sheet or electrode) 
rpiroduct, it is preferred to conduct extraction subsequent 
"to forming the final product most ' preferably subsequent 
to forming the electrode product. It is believed, : 
although not meant to be a limitation on the. claimed _ 
invention, that the presence of plasticizer provides a 
' fur^er aid in having the resultant' electrode product be a 
substantially fused and unitary" structure. The :,. 
plasticizer provides a' conduit which permits the polymers 
of each sheet to migrate at the sheets interface to 
provide a resultant product of an integral, unitary- 

polymer matrix. 
' -The procedure for extraction of the plasticizer 
■ component from each sheet is well known and is not. meant 
to form a part of the present invention , per se. The 
"■'procedure shali be discussed herein- with respect- to 



extraction^ pf pl^stlcizer fr«?m^^an electrode^prod^^ 
iB.the; preferred embodiment. The solyent (s) and _ 
extraction .conditipns, should be chosen so that Jhr 
polyolefin and filler; of each second, jBheet and the 
polyethylene and electrically conductive, and . ^ ; , 
electrochemically active particulate i^ateri^l^ of ^h ^^ 
f irstt sheet are. essentially insoluble. , Where the , 
plasticizer used to -form each^sheet is, $he same material 
Of has substantially the same, •o^Ubility . characteristics, 
one can use a single stage _extr action. . However, ^^^^ 
plasticizer components., of - different solubility , _ .. _ ^ ^ 
characteristics, are.used (either, as part of tormlr^ a . 
single sheet or for different _sheets) a multiple stage 
extraction may be required.-- Numerous solvents as 
described, above can^be used to cause removal of the 
plasticizer .with the particular solvent (s) depending upon 
• the particular plasticizer- material, to be removed. 

• The electrode products are,^substantially unitary 
structures which is believed due to the nature of the 
materials -used, the requirement to have a plasticizer 
present in at .least some, pf the sheets used to form the 
electrode product and the . fo?c?s, the components undergo 
■ during formation of the product.: The electrode product 
has substantially no distinct interface boundary between 
the sheet components- used in its ^formation and can be 
viewed as a gradient change . across the eleptrode product's 
thickness or cross-section with the outer portion being an 
inert (with respect to the cathodic and anodic _ 
electrochemically active materials, the electrolyte and 
~ .-its carrier) portion and the inner body being cathodic 
active. The . electrode product has microsporosity 
throughout ^ its. body . . : The nature of the porosity . ( aver age 
pore size diameter and/or pore volume) may vary from outer 
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to inner.pprtion and is preferably- of a larger mean 
diameter and/or pore voliame in the. outer, inert portion 
and. of . smaller yalues . in. the pinner, cathodic segment • 
Void volumes, of the final slj^^t.product m^y range from 
about 15 vol\ame percent -to. about 60 volume percent with 
from about 25 . to 45.voltame percent, being preferred* The 
sheets void volume is of ^ a. microporous character which 
generally have narrow distribution and, are of low mean 
' diameter (i»e. 0.05 to 0.5 microns) and can be. determined 
by f standard ^mercury intrusion techniques. ^ . 
, r.-'k The. ability to form the unitary structure may be (the 
. .theories discussed herein with ^respect to the Vtonicture of 
--the subject electrode product rare. not meant to be a 
Z;. limitation on the present invention^ but only a means of 
XL describing., the present invention so as to be fully 
d understood^ by those skilled in this^art) due to the nature 

:^ of the, polymer used in each, sheet component . The close 
- ^ chemical- nature of the, polymers and their compatibility 
V permits them to readily loigr ate from one sheet into an 
w,: adjacent' sheet. > The plasticizer component (s) also aid in 
• : providing, a xxnitary^ structure.. The presence of a 
. . plasticizer> , especially wherfs it is common to all sheets 
or • at least where .there is common jpolyency, causes the 
polymer ,,to^ migrate and intermesh. the sheets when they are 
in contact. , Additionally, ^the movement of the plasticizer 
" ;^as .it is. being removed , from the, product further forces the 

polymers to flow to further enhance the unitary nature of 
ic the_resultant product.. ... ... ... ....... ^-^ 

?J A ^sheet product of the present invention can be 

readily -formed, from a firsts sheet and a second sheet 
wherein each sheet has certain predetermined length and 
breadth dimensions whereby at least one dimension and 
preferably both dimensions of the first sheet are less 
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t^anithos^'^of ti^e Becon^^'^eet so that when the first and 
second sheets are-' placed againU one another and caused to 
fUsV^together iVl»rovi'des a^ sheet' producf^in -which the 
second Bh'ei€^^ext^nds^ beyoh^^^ the^ dimension ^ of : the . first 

^^sl^et^wi^li^the-^fiTr^t^sheet^sulD^ 

^^reb^tweenr^ - Wheh tlii^^ihitially f ortned> sheet, product is 
S^ld tb^fbim an eie^rocie prbdiact,- it^1=an be. used with 
eiti^ei: Vied^nd^iheiS 6ir another she ^ product, having a 
secbncf iheet" wfiitFh^s-svifistantia the^ same, dimensions 
^li^Ui^^ec^d^shfe^^bfHh^ initially ^formed rsheet product. 
Th^eiectrbdeV^bduct thus^ formed will have the first 
sheet (sr^subst^tiaily^coinple^^^ 
'^eccSd ^sheets^^Which '^brm ^the outer " ma jor^^ surfaces of the 
•^^electrode p^bd^ct;- Alt^VnUlli^V^a^^secbn^ be 
wrlpp^d^^und^.^firit-shW ^^"^ ^^^^ 

therein. " Thi^^ckn be reSdili^: dorib with^ the: present 
^^.1 .s they^exhi^t a hig..^ degV.^.f. flexibil ty and 

:n4chai^ic^l'^st^bhgth.-The ^burrent^ V^Last 
' contactT witlf' the- f irst shbet and extend: beyond, at least 
onr %dgb^4f 'the %i^ctrode^^«iuct ^as^^ contact, means . 

- ■ '^ Th^^Sresultant ilebtr^d^^pfbduct^ b the ^present 
^ inventioii is ^Vsub^ta^tially-unitaf^ 

■ flexil^ility and gobd^ teniile-pfopertie^:.^It.i^ capable of 
•"bbinrreadily formed:' und:er^ substantially: anhydrous 
-1i;;^!tibn which, i. turn^^provide. it^with.high stability 
when used in ^conjunction with a light metal>i such as 

- - li^iumV^-The^resultant electrode product can" be placed 
^ ^idiacint to- ahodic Electrodes' without^ the need^of a 

- "•separate-iniXjlating-^efembiit and inhibits^ dendrite 

formation between cathodib "and anbdic elements of the 
^ ^^^l^aii^yl-ln^^d^ition'i^^has liein^ observed that the 
- - prec^£ electrode^ product is capable < of 'undergoing a large 
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amount of charge/discharge ^cycles ^ to aid in proyiding-an 
effebtive battery syst^eni;^'-^^ ^or - - ^r.:^ Z^e- 

Test Procedures ' 'V^<^^ -' - .''^^c : 

The porosity volume percents or void volume percent 
were calculated for thel resultant sheet product by 
calculating- the ^wet weight-^minus " dry weight; divided by: the 
^sheet' product' s geometric wet voliade. s £ :.":^:r ::r 

^ Charge/Discharge cycling was performed oh cells r r/^ 
having the subject sheet using a Princieton Applied: r D 
Research Model 363 galvanostat. The galvanostat was 
powered and monitored with an Analog Devices MAC 5000 
micrbcbmputer^ which controlled the current passing through 
th^^ cell arid^ measured the" "current passing through \.the cell 
and measured the current voltage^ and chaorge^throughout the 
'cycle. * - ' ■■ ' • " ' - ■ V'. 

The electrical conductivity of the resultant 'sheet 
products were measured with a Yellow Spring Instrument 
Conductivity Bridge at 1 KHz by placing^ a nickel metal * 
-iTclamp on each of ^^t^ opposite ends'^bf - the specimen to 

be tested' in such a" manner as to have -a free" sample ^ 
spacing of i cm by I'^cm'not covered by the clamps •-^ The 
thickness^of ' the samples were measured. - The clamps^ were 
connected to a conventional conductivity bridge and the 
resistance'of the 'samples w^^ measuredV To check the 
accuracy of'the measurements/ the clamps were adjusted to 
a spacing of 2 cm' by'' 1 cm and the resistance remeasured. 
^ '"^ The porosity volume percents or void volume percent 
were calculated for the resultant sheet product by 
calculating*'^he*^wet weight minus dry weight divided by the 
sheet product " s g^^^ wet volume. - - ' ~ - - - - - - 

' 'charge/Discharge cycling was performed on cells 
having the subject- sheet using a Princeton Applied ' " 
Research Model 363 galvanostat. The galvanostat was 



powered and monitored with an Analog Devices MAC 5000 
microcomputer which controlled the current passing, through 
the cell and measured the current. passing,,tJirough tAe^qell 
and measured the current voltage and charge,|^^^^^ 

cycleva e....-:--- i:.. --r- AJ^^tv.^^.: ;Io« ^^.-.-/.-^o-i..-.- rna-^ 

The following examples; are giyen.f or, illustrative 

purposes onlyv and are . not, meant ,to,,be a. limitat^ on tte 
subject invention, except, as. made, in^ the claims , appended 
hereto . : All parts« and percentages are, by weight unless 
otherwise" indicated / . X:''-"-^ ..- j.s:-/-: -■-'::-7i.c:?= ■ 
. ... .r, ■ ..--v.:; -i'- ^ -.o?^ il..' 

.r- 3 r Example-l r.-T:£o^.u- ■ ; t-; : ■ -'.v-'., 

= Eight parts of high: density polyethylene .of a weight 

- average molecular .weight of .250,000: were mixed with 22 . 
parts of hydrocarbon oil (Sunthene ,255; density, of 
0.89g/ml, 54 ssu at 210-F, flash point of 390 ^^Parts 
of Shawinigan -processed carbon black (acetylene black, 50% 
compressed,density of _2._1 gm/cc,. 70 m^/gm, BET surfac^ ^ 
area) 3iparts of.graphitic carbon J density of 2.1 gm/cc, 
, -. 5 m^/gm- BET- surface, area) . and 54 parts . of minus 200 mesh 
V O .-(Cerac). The mixture was placed in a Brabender 
bLnder maintained at a, temperature of „1 5 0<^C and mixed, for 
about 5 minutes until: steady torque is pbtained. , A dry 
nitrogen atmosphere, was.- maintained over , the equipment. 

A sample of the resultant composition^ was hot pressed 
. at a pressure of. about 250 psi at a temperature of 150 C 
for approximately 10 seconds to produce. a uniform sheet of 
18 mil thickness. The formed sheet- was then immersed in 
cyclohexane for 3 periods., of , 10 .minutes each J:o_yield a 
. . -microporous sheet having 36 percent void yolme .^- _._ ... 
""^ substantially uniformly, distributed throughout. ^ The 
composition of the extracted, microporous sheet was 9.5 
percent polyethylene, 26.2 percent combined particulate 



carbon, 64 percent ^2^5 less than 1 percent oil. The 
electronic conductivity of the mlcroporous sheet, measured 
at 22^C and 1 KH, was 0.11 ohm"^ cxn"^ " - ^ 



Example 2 , _ ... u r 

A cathodlc electrode was formed with the composition 



of Example 1 above and the electrode was used as part of a 
Li-V-0- battery cell: Two sheets (approx. 3 mils, each) 
were formed by pressing samples of the composition^ of ^ 
Example 1 above at 150 C and 250 psi. ^ The sheets were 
placed on each side of an expanded nickel metal screen and 
the composite subjected to pressure of 250 psi at,150^C 
for approximately 10 seconds to produce a product . having 
the screen embedded therein. An examination of .the 



product showed that the polymer xc sheets had formed into a 
single unitary structure* The product was ixDmersed in 
cyclohexane bath for 3 periods of 10 minutes each ^ to yield 
a miciroporous polymer bonded electrode product. The^. 
electr'bde was then dr£ed"at 10 - 20 microns yacu\am and 
80^C"for 2 hours to remove residual amounts of solvent* 



The formed" cathodlc electrode was placed in an Argon . 
atmosphere glove box for assembly as part of a cell with a 
lithium foil of 1 cm and 5 mil thickness which had been 
pressed onto a commercially available" expanded nickel 
metal grid. The two electrodes were^ placed into a 
recteoigular glass tubing using a cozmnercial polypropylene 
micrbporous sheet separator between the electrodes • The 
cell- was filled with 0.5 nil 1.2M LiAsF- in 
2-methyltetrahydrofuran." "The cell was then temporarily 
sealed with an O ring, taken out of the, glove box ajid 
permanently glass sealed in a flame. . ^ . 

' ' The ceil contained 13'.l'mg V^O- which is equivalent 
to a theoretical capacity of '4.1 mAh (assuming the 
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discli^rged material Vis Li^V^O.) . ' fhe'cell was ^discharged 
at 1 inA to a cutoff voltage "of 1.80 volts and charged at 
0.5 mA to a cutoff voltage of 3.0 volts. Capacity 
utilization at 1 mA was 100%;^ for Cycle ^#1 65%, fpr^^ Cycle 
*#l P^37'% " f or Cycle # 14 and 36% f or 'Cycie ^#30. Because of 
iaie""higli ' ^ capacity "of this V^Og. electrpde , , ^ 

systCTi/ the charge "density was still very high^even at.^the 
relatively low capacity percentage_obtained. ^ ^ r v,;;^ 

ai^^'-^^- -^.Z-r .-ii.- -..^-■^ ........... 

- . ' Example 3 . . . t. .. ^ ■ ■ . 

" Eight parts of high "density^ polyethylene .of,, a. we ig^^ 
^average xnolecular weight of 250,000^ were mixed vith 2 2 v 
parts of hydrocarl^brT oil ' ( Sunt hene. 255 ; density, of ,p . 89. 
g/ml/ S4 'ssu at 2i0^F^^^ 19 parts of 

' Shawinigan processed carbon black (acetyl^^^ black ,^, 50% 
l3om]dressed, 3 parts graphitic carbon and 65 parts of FeS- 
(Cerac; minus 100 mesh/ 99.9 5)ercent^ The. mixture 

was^'^ji'ocessed in same manner as described in Example 1 

above. * The cbihpositiori of the formed^ sample of extracted 
microporbus sheet product was: 8 percent polyethylene, 27 
percent combined carbons and 65 percent. FeS^* /The^ oil. 
content was negligible •'^ ^ The electronic conductivity of 
the formed microporous sheet measured at 1 KHZ and 22 C 

was 0.6 ohm ^ cm ^» , r - ^r^ . i.: . . r 

^ Li-FeSj. cell was fabricated by, the same . procedure 
as described in Example 2 above using the, polymer FeS^ ; 
composition of this example. ^The cell contained 12 .9 mg 
of FeS- (active) material, a 5 mil Li foil and. 
approximately 0,5 ml of an electrplyte solution composed 
of 1 M LiClO^ in propylene carbonate . The cell was tested 
by conventional^ charge-discharge cycling procedure^ . , 
discharged at 1 mA to a cutoff voltage of 1 volt and 
charged at 0.25 mA to a voltage limit of 2.5 volts. The 
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cell delivered 7 xnAh in Cycle #1, 5.3'inAh In Cycle #4, and 
3.9 inAifi 'in^ Cycle #6? The' thebre tidal capacity 2 
electrons per iron atom is 5.S mAh. 

Exconple 4 

The procedure described in Example 3 above was 
repeated' except tha^ the amount of carbon^ black Was 
reduced to 18 parts and the amount of PeS2 increased 
to 80 parts* The formed extracted sheet was composed of 7 
percent polyethylene, 19 percent combined particulate 
carbons, 73 percent PeS^ and less than 1 percent oil. The 
electronic conductivity of the^ sheet, measured at 1 KHz 
and 22^C"was 0 . 4 ohm*"^ cm*^ . " A PeSl. electrode was^ made 
according to the procedure of Example No.^ 2 and a Li-FeS2 
cell wais fabricated as described in Example" No.^ 3* This . 
cell Contained 15.3 mg of PeSg*. The "cell was discharged 
at ■ 1 mA)^ and ■ charged ^at 0 .5 mA to 2 .5 volts . The cell 
delivered 3.8 mAh to 1.3 volts over 5 charge/discharge 
cycles • ' ' ^ 

: " - " Example 5 - - - - . . 

' The procedure '^of Exaisple 1 was repeated us^ng a 
mixture of components composed of 9 parts of high-density 
polyethylene of weight average molecular weight of 
250,000, 21 parts hydrocarbon oil (Stinthene 255) and 104 
parts of CuS (Cerac; 'minus 200 mesh/ 99 . 5 percent purity) . 
The formed extracted inicroporous sheet was composed of 
about 8- percent polyethylene, 92 percent CuS and residual 
oil. - Conductivity of the^ sheet, measure at i KHz and 22®C 
was 3^3 bhrn"*^ cwT^l ^ ' " * ::>-i *^ v ^ : 

A Li-CuS cei3?was fabricated using th^ material of 
this Example according to the procedure described in 
Example 2. The cell which contained 18.6 mg of CuS was 
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discharged at 2 mA to 1.3 V and charged at j. mA to 2.5 V. 
The maximuin capacity obtained .on discharge , was 5.4 mRh 
which is equivalent to 1. 03 Li . ionp per copper atom. X; 



'""1" Example 6 . j .• 

TwelvJ. parts' of high density PplyelOiylene , of_^a 
average molecular Wight^pf , 250,000 were mixed withj 18 
parts of hydrocarbon oil (Sunthene 255; density^ of 
ofsSgyml, 54 ssu at flO^^^^^ point of 390°P) , 23 parts 

of Shawinigan processed carbon black , (acetylen%,black, 50% 
compressed density^of 2.1 gm/cc, ,70 surface, 
arear, 4; parts of graphitic parbbn. (density pf^ 2.1 gm/cc, 
5 m^/gm ^Pj.P^^^^ °^ minus- 200 mesh 

TiSj (average particle size of 15 microns) . The mixture 
Vas placed in a Br abender, blender _ maintained at . a , 
temper jature of 1 5 0°C and. mixed for about. 5 , minutes until 
steady torque is obtained.. A dry ni^rpgen atmosphere was 
maintained over the equipment. . ^ , . , ; - 

A sample of the resultant composition was hot pressed 
at a pressure of about 250^ psi at a temperature of 150 C 
for approximately 10 seconds to produce a unifoa^ sheet of 
18 mil thickiiess. The formed sheet was then, immersed in 
cyclohexane for 3 periods of 10 minutes each to yield a 
microporous stieet having 36 percent void volume . 
substantially uniformly distributed throughout . The 
composition of, the extracted, microporous sheet was 16 
percentVpoly®^X^^ 22.6 percent combined particulate 
carbon,, 61.V percent TiS2 and, less than 1 percent oil. 
The electronic conductivity of the microporous sheet 
measured .at 22°C, and 1 KH, was. 1. 0 - ohm 



-1 

cm 



' .. . Example 7 ^ 

A~cathodic electrode _wa8_forined with the composition 
of iixample^l above and the electrode was used, as part of a 
L^i-TiS2 battery ^ cell r T^Two sheets (approx. 1 toxLI) were 
formed by pressing samples of the composition of Example 1 
"above at , 15 p**C and 250 psi . ' The sheets ^were placed .on 
"'eacii side 9f "an^expanded ni^ (screen ajid the 

compo^ite^stibjecte^l to .presstire of .250 psi at 15 0**^ for 
" approximately" 10 seconds to produce a product having the 
screen embedded' therein. An examination of the product 
showed that the" polymeric sheets" had formed into a single 
unitary structure.. The product was immersed in 
cyclohexane/bath for^ 3 "periods of" 10 minutes' each to yield 
a micropbrous polymer bonded electrode product." The 
electrode was then dried at 10 - 20 microns vacuum and. 
80**C for 2 hours to assure removal of any residual amounts 
" of solvent ' The f oi±ied cathodic electrode was placed in . 
an Argon atmosphere glove box for assembly as part of a 
cell with _a lithium foil of 1 cm^. and 15 mils thick which 
■ had been pressed pii to a cdmmercially available" expanded 
nickel metal grid. ^. /The^.t^^ were placed on each 

side of"" a commerdiax polyethyl^^ sheet 
separator and "the asseinbly placed "into a Vectaingular glass 
tubing . The cell was f illed with 1.2M LiAsPg "in 
2-methyltetrahydrof liran ., The cell was' then temporarily 
sealed with an O ring, taken out of the glove box and 
permanently glass sealed in a flame. " . r 

The cell contained 4 . 2 mg TiS^. which is equivalent to 
a theoretical capacity of i 'mAh. ' The cell was discharged 
at 2 - 4 m^ to "^a "cutoff voltage of 1,5 volts and charged 
^at 1 -'l.8 mA to a cutoff voltage of 2.5 volts. ^Capacity 
utilization at 2 mA was 100% for Cycle #1, 78% for'cycle 
#70, 65% for Cycle #765 and 50% for Cycle #1225. Capacity 
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utilization at 4 inA' discKar^ "f or cy^^ was 71%. The 

above data demonstrates the unexpected superior capacity 
utilization of the electrode product of the present 
invention* attainable' over many cycles. The figure of 
merit for the sub ject^^T^ electrode (the ^actual number of 
times that each molecule of TiS^ has been discharged^ and 
charged) (also referrisd to as turnover number 
-When the present figure of'^mierit niiinber is comp^ to a 
very low figuxfe of merit value of 8 which is reported in 
U.S. Patent 4,322,^317 one is "abl^ observe th^ 
difference of the presently' achieved produ^^^ of 
the referenced product." The cbulombic efficiency of the 
TiS2 "electrode defined as charge in divided ^ b^^^ charge out 
was 100 . 0+0 1 3% and the capacity fade rate averaged 0 . 03% 
pier cycle, which is ah exceedingly low value ^ 

^ Example^ 8 

Five parts of high density poiyeth weight 
average" molecu^^ weight of 3 "million/were mixed with 23 
pkrts^ of hydrocarl>on oil (Sunthene 255 ; density of 0 . 89 
Jg/ml, 54 ssu at ilO^^F, flash point'of 390^F) , 10 parts of 
Shawinigan processed carbon black (acetylene black, 50% 
compressed), 3 parts graphitic carbon and 62 parts of TiS^ 
(Cerac; minus 200 mesh, ' average particle size of 15 
microns) . The mixture was processed in the same manner as 
described in Example 1 above. The composition of the 
formed sample of extracted microporous sheet product was: 
6 percent polyethyierie, 16 percent combined carbons and 78 
percent TiS^. The oil content was negligible* The void 
volume was 45 percent and microporosity was uniform 
throughout. The electronic conductivity of the formed 
microporous sheet measured at 1 KHZ and 22^C was 0.5 ohm"^ 
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- "-WSj .cell w.. fabricated by th. same procdure 
as desoribad 1„, Example 2 above using th. poW ws" 
composition . Of this example. ^ Th. cell~ was teited by-^- 
at 2^mft to .a cutoff voltage of l.s volt and'charSid^.t 
I mA^to a yoltag. limit of J^e vblt,.-- Thi utliizitlba- (» 
of^ theoretical, of the TlSj electrode VaS 68%<.t cyoie ,1. 
** ..Cycle #40 :and 40% at Cycle #61. • ■ ■ > ' ' 

vc - , , w , > ,/ ^ Example 9 -^^^> rv;.,::i:. - i-^ 

r-^i - The procedure of Example 1 VaV repeated uVtifg a ' 
mixture of , components (same material as Example 11 " ' 
composed of 8 part, of hlgh-d.nslty Polyethyl.n.^ oi „ei,ht 
average molecular weight of 250/000, 19 parts hydrocarbon 
oil. 13 pasts carbon black,: 4 parts graphitic carbcri' and 
62 parts, of TlSj.,- - The formed extracted mlcroporous sheet 
was composed Of about 9 . 2" percent polyethylene, 19.5 
percent^ combined carbon, Tl.S-perceht Tls,- and neg. iii; " 
conductivity of the sheet,, measure 'it 1 kIs and 22»C W.. 
^0.83 Ohm cm • .. :, ;: „: : , ■r:.. . ;: c . 

'.J' * "-''^Sa cell was fabricated using the iateriar of 
-this. Example according to th. procedure described in ' 
^xample 2.. The WS^ electrode had a theoretical capicliV 
Of 2 83^ «Ah , and the. ti capacity was 27 mW.." The c-eli wiis 
discharged at 2 mA/cm=' to 1.5 volts and charged at 1 'mA'-at 
2.6 volts. It delivered 83% of the^theoietical lis 
capacity on Cycle No. 4, 70% of- .theoretical Tis, caoa6lty 

cycle HO. .108 and 50% of theoretical Tis, capaci;, on 
cycle Nc. 230. The cell cycle life was limf ted by tte " 
Lithium electrode. . The coulombic efficiency for the 
charge discharge cycles was 100.0+0.2%. Ais ntiinber ' - 
represents, the efficiency of the TIS^ electrode as the ii 
was m excess. ^ ^ 
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Exeunple 10 

Nine parts of high density polyethylene of a weight 
average>oiecular weight of 250,000 were' mixed "with'^ 21 
parts of ; hydrocarbon; oil (Suntheneo255;' density^6f ' 
0.8ig/«aV;5J,,S8U at .,'2ip|F ,^ flasht point J of 390^P) v^'^ir parts 
^^'^of Shawinigan^^processe^^^ black- (acetylene black, 50% 

compressed d^^^ of :2.1?;gm/cc, 70.'m^/gm'BET" surface 
' areaf 1' Impart pf graphitic ^carbon - (density of '2^1 gro/cc, 5 
V/gm BET surf ace. area), and 55 parts of mi^nus' 200 mesh 
TiS (average particle size of 15 microns, battery grade). 
The mixture was place4 in a- Brabender blender maintained 
at a temperature of 150°C and mixed, for abdut-~5 minutes 
until ^steady..tprque- is .obtained. A dry; nitrogen - 
atmosphere was maintained over .the equipment. - ' ^ . . 
---'^ • • A sample of the res32ltant composition was hot pressed 
at a pressure of about 250 psi at a temperature of^ 150 C 
for approximately 10 seconds to produce a^ uniform" sheet of 
"18 mil thickness. The formed sheet was then- immersed in 
cyclohexane for 3 periods: of 10 minutes ^ach to'yield a 
micropprous , sheet haying; 40; percent void yolume 
Sstantialiy uniformly distributed throughout! 'The 
composition of the^extracted, microporous sheet was 11 
percent poiyethyiene, . 19 percent:, combined particulate " " 
carbon, 70 percent TiSj, and negligible amount of^ ^^^r . 
^electronic conductivity of the microporous sheet measured 
at .22*'c and 1 KHj was_0.42 ohm"^ cm" . . , , 

" ' A Li-TiSj battery cell was built using the above 

material. 493 parts of _the sheet product formed above was 
hot pressed onto a 20 cm^ expanded nickel grid to produce 
a TiS 2 cathodic electrode product. A spirally wound cell 
was constructed , in an Ar gone atmosphere glove box by 
placing iJie .cathodic^ electrode adjacent one side of a ' 
conmerciai microporous_ separator .sheet and an" anodic 
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electrode formed /from 190 parts of Li foil pressed onto an 
expanded nickel grid adjacent the opposite side of the 
separator sheet. The assembly was jelly roll wound and 
placed into a cylindrical glass tube,,^ The:tube was;,filled 
wi'th a solution of ^l ,2. M LiAFg in 27methyltetrahydrofuran 
and sealed^ to form the cell., ..The cell was discharged-at 
60 iriA and chaxged.at 30 mA between voltage limitSc of ^ 1»6 
and ^2 . 6 volts . The capacity utilization of the 82.5 mAh 
TiS- electrode was 87% at Cycle, #10| 83% at Cycle #70; 
80% at Cycle #100 and 50% at Cycle. #165. ^ 

cCrV" I^O i,-'; ri^^ - " — 

• S t ^ ;"^;C * '. " I'T! Or.^^ (.,^r^ flC 't;'"*^-*. li.^" "'f.^ - * ' ' " -'«^^*^ 

. .V. '±X.>■ 
- . . . , Example 11,. - r.':r ^-.i • ^ 
(a). 8 parts of a high density polyethylene having a 
weight average molecular weight^of, 250,000 jwere mixed, with 
21 parts^ of hydrocarbon oil (Sxinthene 255: density of 0.89 
g/ml, 54 ssu at 210^F, flash, point of 390^F) and 84 parts 
of a commercially available battery grade jfcitanium 
disulfide having an average particle, size of -10 jnicrons. 
The mixture was compoiinded in a Brabender maintained ^.at 
ISO^C for two 10 minute periods. The resultant > . : 
homogeneous mixture was pressed into flat sheets using a 
flat plate press . (Wabash) maintained at- 150 .C at a , 
pressure of 400 psi to obtain sheets of 14.5 ,iid.ls. ^ ^ 
thickness. . . ^ 

"Tb) An. expanded Ni screen (5 mils., thick) having a 
nickel tab attached to one end was placed adjacent to a 
sheet formed in the manner described in paragraph (a)^^ 
above. The composite was pressed .using a flat plate press 
(Wabash) "maintained at 150^C and 500. psi pressure;. The 
pressed product was observed, to be a Tinitary structure 
"having the screen embedded within. . The pressed- sheet was 
then immersed in cyclohexane bath for^^l5 minutes^ and then 
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'vacuum driedi?^^ The porosity of the sheet^ was about 40 
v:percent\^ This:^ sheet was -then immersed in^a 38 vol. \ 
percent -solution of hydrocarbon oil (Suhthene ,255) in , 
cyclohexarie t:6 have a' fixed amount of oil absorbed^ by the 

i sheet? - The ""sheet-was -removed "trom the solution and dried 

^ ^ ^ % e?*- ^'^v c^'--*" ■^'^ ^l£s' r^-^'-^ 

to permit the cyclohexahe to evaporate. The electrode was 

pressed once more to remove the voids, then the oil was 

removed by extraction as described above and finally 

dried. 

The resultant electrode was composed of 8.7 weight 
^" piefcent-poly^tK^ 91.3 weight pefc^ent titanium 

disulfide -having ^a pore v^ percent. 

.^r^q l^'-S n'^'^ur^'C. '-Example " 12' ^ ^- 

The 'electrode of Examipie I above was placed in an^ 
Argdrf' atmosph glove box and used to fabricate a 
spirally-wbund Li-TiS^^^ battery cell. The cell was formed 
from lithiiim foil /^commercial microporous polypropylene 

^ separator/' the' 'electrode of Example I and 5 mil of 
electrolyte solution ^Ts^^^^ of 1.5 M tiAsP^ in 2-iaethyl 

tetraKydrofiiran. ' — _ _ , 

The solid components of the cell will fit into a 
standarld AA" size cell with "the electrolyte" being in 
excesVP The- ceil was sealed in glass tubing, evacuated 
and then filled with iAeelectroly Ni 
tube which was subsequently sealed.^" The cell contained 
1.14 Ah of TiS^' and Or. 8(f Ah of LiV — - - 

The celP was' discharged to 1.6 volts and charged to 

- : 2.6 voltW;- ' The cell delivered OT. 96 Ah (84%'^of 'L^I 

^' theblreticai) (1^-ir^^ cycle No. 7 and 0.68 

Ah (63% of theoretical) at the same rate at cycle No. 71. 
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Example ^13 ^ . - 
V Sheets* were, formed in the same manner as described in 
^Example I ctbove except that 8 parts of . polyethylene were 

mixed with 19 parts of hydrocarbon oil and 89 parts of ^ 

ir^.^ ... .■ ' . t,^,-.- 

TiS^. Two sheets were positioned on each side of a nickel 

expanded screen and pressed into a unitary sheet, and then 

sxibjected to two fresh baths *of cyclohexaJie to_exte 

substantially all of the oil. .. The electrode sheet was ^ 

then immersed in a 38 vol, percent solution of hydrocarbon 

oil (Simthene 255) in cyciohexane to allow sufficient oil 

pick-up to form the desired, prpduct void volume. ..The . 

sheet was dried and pressed to remove excess voids as 

described in Example I above emd then the oil conta i n ed in 

'3/ ■ "«r ^ • - : - . ■- - 

the sheet is removed by extraction with final drying. 

A small rectangular glass sealed cell was built using 

the above electrode with lithium foil and an ^electrolyte 

solution composed of 1.2M"LiAsFg in 2-methyl . , 

- tetrahydrofuran. The cell was discharged to 1.6 V and 
charged to 2 . 6 V. The utilization of the TiSj , electrode 

^ {% of theoretical) was 90 percent for. cycle No. 3 (1 . 
mA/cm ) ; 81 percent for cycle No. 28 (1.5 mA/cm )_and 75% 

^ f or cycle No. 65 J1.5^33A/cm ). The charge density of this 
electrode was 0.9 mAh/cm^-mil The fade rate was very 
low. 



This .example^ is made for comparative, purposes. . - 
A. A sheet product was formed in the same, manner, as 
described in Example III above except , that only the _ 
initial extraction step was performed. The , resultant 
electrode sheet was composed of 8.3 weight percent 
polyethylene and 91 1 7 weight percent TiS^ and had a void 
volume of 36 percent. 
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The electrode ^Iwi^jL was u sed-^c— the .cathode component 
of a rectangular cell fabricated in the same manner as 
described in Example 111/ The charge density of the TiS^ 
electrode was about 0.7 mAh/cm mil. The cell was^ 



discliarged "^^(at 1 mA/cm^) to i;6 volts and charged to 2.6 
volts. iW ceir delivered "92 percent of capacity at cycle 
NbV 2 but only 60 percent of capacity at cycle No. 45. ' 
The observed large cell capacity fade was due to ' \ 
deterioration cathode as the iithium and^ 

electrolyte were present in excess. ; J 

^ j :^ 4 "Mparts of polyethylene having a wisight average 
molecular wi^ight of 5 x 10^ were mixed with 20 parts of 



hydrocarbon oil ' (Sunthene 255) and' 105 parts of 
coitfflaerci^iiy available battery grade ' TiSj having^ . 
average pa^'ti*^!® size^ 10 microns . The mixture was 
processed into an electrode in the same manner as 
^described ^in Example I above. The resultant electrode was 
^ised to form' a rectangular cell as described in 

Example III above. V " 7^ 

7^""^ The cell was discharged at 1 mA/cm to 1 . 6 volts and 
chafge^^ 0,35 itiA/cm^ to 2.6 volts. The TiSj capacity 
utilization wSs 95% for cycle No. 2; 71% at cycle No. 10; 
and 60% at cycle No. 18. The large capacity fade was due 
^toTiS- electrode deterioration as lithium and electrolyte 
were xn excess. 

Example 15 

A first or active sheet was formed by mixing 8 parts 
of high density poiyetiiyiene of a weight averagis molecular 
weight of 250 , 000 with 19 parts ^of low aromatic petroleum 
hydrbcarbon^'oil (Sunthene 255; density of 
0.89 g/ml, 54 ssu at 210^F/ flash point'^of 390^P) , 13 
parts of Shawinigian processed Ccdrbon black (50% . 
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compressed acetylene black, 45 millimicron, apparent 
density of 0.1 g/cc 7-70 m^/g*BET .surf ac^ 4 parts 

graphitic carbon and 62' parts 'of'^ commercial 'battery 
grade TisJ' (aver^ size of i^'Wdrons) / The 

mixture was placed in a Brkbehder " blender ^malntaln^^ a 
temperature of 15 b°C and' mix^d' f of about 5 ^minutes until 
' steady' torque is obtained;' '''"A^ptrogen' a^^ 
maintained over the equipment^ " " ^ ' - - V • - 

A sample of the resultant "' composition'^was hot pressed 



at^ a pressure of about 250 psi at* a temperature of 150°C 
for approximately ^10" seconds to produce a xiniform sheet of 
"about 2 mils, thickness. The electironic conductivity of 
samples "of the formed sheet, 'measured 'at ""^2°C and~iKHz , • 
,Ws '0.8' "ohm"^' cm'^. -"'7"^ ' ''^ ' ' 

- Two- samples of the sheet f orroed above " (each 6 . 7 "cm x 
1 ;5 cm X 2', 2 mil." thick) were placed on each ^side of an 
expanded nickel'metal screen and" the composite was pressed 
at 150°C and about 150 psi to ' f orm" a . siieet; 5 mils, thick 
with only a- single nickel wire welded to the screen left 
exposed. ' - 

A second or passive sheet was formed by mixing 15 
Ps^ts high density polyetnylene of a weight average 
molecular weight ^of '^50 , 000 , "49 "parts of Ti62 (BET surface 
area of 50 m^/g) , 25 parts of a low arpsiatic petroleum 
hydrocarbon oil (Sunthene 255) and 0.1 'part of ' coiranercial 
antioxidant (Santonox) .' The mixture ' was placed in a 
Brabender blender maintained at 150°c" and mixed" for about 
6-minutesv' A sample of the formed composition was~pressed 

^between^ two sheeti^ of Mylar at 150°C and 250 psi.'to "give a 
2-'iail. thibk slieet. " The electronic conductivity "of this 

-sheet was measured at 22°C arid'l KHz and dete'rm&ed £o be 
hegligable as it was not regis terable at the lowest level 
of tlie bridge/ (4 X 10*"^ ohm"^ cm~^) . " " ■ • : - 
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Example 16 .... 
Two pieces of the passive . sheet formed according to 
Example 1 B, above, were placed ^ on each .major ^surface^, of 
^the active lis o sheet formed ^accdrdi^ to Example I. A, 
above, in a manner to. have the passive sheets, extend 
beyond the edges of the active sheet by 2 millimeters, on 
ail edges. The composite was pressed at 150 C and about 
25 - 50 psi for, about 1 minute. The resultant sheet 
product was immersed .in. cyclohexane_bath for 3 . p^ of 
10 minutes each to yield a microporous sheet. .The 
resultant electrode product was examined and had a. fused 
unitary' structure about 9.5 mils, thick with_ a surface 
composition of 23 percent polyethylene, 76 percent TiOj* 
less than! percent oil and approximately 45 percent 
"porosity. ^ The two surfaces were separated by an iimer 
core having a composition of_?.2 percent polyethylene, 
19. 5 percent c^pmbined carbon, 71 percent TiS^ and less 
than 1 "percent oil Iwit^ porosity and having the 

nicker screen emb therein. ..._.^^.r. 

Example 17 ^ ^ . . 

The electrode product of Example 11 was placed into 
an Argon atmosphere glove box for assembly^ as part . of ^ a 
cell with a lithium foil of 1 cm and 2 mil. , thickness 
'supported on an expanded nickel screen which had a nickel 

wire ^extending therefrom. . „The electrode product and the 
' lithium* foil were positioned adjacent one another and 

placed into a rectangular glass, container. The container 
' was'^filled with a solution of 1.2 M LiAsFg in 2-methyl 
tetrahydrofuran and sealed with an O ring seal taken out 
of the Argon box and permanently heat sealed leaving- the 
nickei wires exposed to produce a Li-TiS2 >The cell 
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was discharged at 2 to a cutoff voltage of 1.5 volts 
and was charged at 1 mA to an upper voltage of 2.5 volts. 
The utilization of the 1.7. mAh (TiS^ limited) cell was 79% 
at Cycle No. 5, 73% at Cycle No. ,100 and 50% at Cycle No. 

Example 18 , ^ i- . 

A cathodlc sheet product was formed by placing two 4 
mil. sheets, formed from the same composition as described 
in Example 1 A above > on; each side of an expanded nickel 
screen and tHen pressing the composite as described in 
Example Z A (first sheet). A 2 mil. second sheet formed 
from the composition of Example I B was folded around the 
first sheet in a manner to leave 2 mm excess of .the , second 
sheet *bn all edges. Light pressure of about ,25 psi was 
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applied with'a plate press at ISO^C to effect fusing of 
the sheets and the edge portions to themselves. .The sheet 
product 'was immersed in a cyclohexane bath ^f or three 10 
minute periods to extract the oil component The . 
resultant cathodic sheet product was put into ^ an ; Argon 
atmosphere glove box. A Li-TiSg cell was fabricated by 
spirally 'winding the formed cathodlc sheet product 
directly with a 2 x 7 cm. 5 mil._lithium foil which is 
supported on an expanded nickel screen. The jelly roll 
electrodes were placed in^ a glass tube container which was 
then filled with 865 mg of an electrolyte , solution . - « 
composed of 1.2 M LlAsPg in tetrahydrofuran.^ The. 
container was sealed with an O ring seal, removed from the 
Argon box and permanently^ glass sealed. 

This example represents the ease and . ability of the 
subject cathodlc sheet product to be readily manipulated 
and formed into a "complex configuration and to form a cell 
without the utilization of additional components such as a 
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separatdr membrane or 'the like . The I cell was ^'cyciea ' 
between 2.5 and 1.5 volts at a dischafge^current d^f 70^ mA 
and a charging current of 30 mA. The utilization of the 
100 mAh (TiS2 limited) cell was 72 percent after six 
cycles and 43 percent ''after^l39 cycles. 



Example 1 9 

; An inert portion "of a catiiodic electrode was formed 
from an initial composition ~'compr is in^ 12 parts of 
polyethylene (MW^ = '250 \ 000) ,^ 3i; parts hydrocarb^^^^ 
(Sunthene 255) , 23 parts ^iiica (Hisii 233; BET surface 
area of llO m^/g) and _ 0 P^^^l <|antpnox) . . A 

sheet (2 mil . thick)^^fo«hed from' this ^dompos it io^ 
f oldeid around and "fused to an active sheet of Example I A 
and then treated with cyclohexane, all in the manner 
described in Example IV above, -to provide, a unitary^ 
electrode product in which iAe active 'component is/ se^^^ 
in and foritis the core of the product. ' A I.i-TiS2 cell was 
formed using the cathodic electrode product and 7 mg 5 

• lithitim foil in the manner described in Example III , 
above. The cell was cycled with a discharge to i.S^volts 

^ chargied to 2. 5 volts ,at ^1 mA. The capacity 

utilization of the theoretical 2.^9 mAh (TiSj limited) Vwas 
76 percent after the sixth Cycle, 65 percent after "the one 
hundredth Cycle and 50 percent at Cycle No. 200. 

Example 20 . 
A cathodic' sheet product was formed by a core, haying 
a composition comprising a mixture of 5 parts of high 
density polyethylene having a/weight average moiecular 
weight of 3 million, 23 "parts" of hydrocarbon oil (Sunthene 
255) , 10 parts of Shawinigian processed carbon black 
(45 millimicron, apparent density of 0.1 g/cc/ 70 m^/g BET 
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surface area) , 3 partis graphitic carbon and 65 parts of a 
commercial battery grade TlS^ (average! particle size of 15 
microns) • f This composition was formed into a sheet' at 
165^C and 250 psl. The sheet was then encompassed ^in a 
passive composition of Example Z B and readily fuseid'into 
aT unitary structure which was "^^treated with eye lohexane in 
the manner described in Example 1I« The core of the 
product was 6 percent polyethylene « 16 percent combined 
carbon, and 78 percent TiS2 and had about 45 percent 
porosity. The surfaces of the product was 23 percent 
polyethylene, 76 percent TiO^ and less than 1 percent oil 
with about 45 percent porosity. 

The above electrode product was used to foxm a 
Li-TlS2. ^^^^ same manner as described in Example 

III, above. The cell was cycled between 2.6 and 1.6 volts 
at a discharge/charge current of 2 mA/1 mA respectively. 
The utilization of the 3 mAh {TiS2 limited) cell was 61 . - 
percent after Cycle 5 and 54 percent after Cycle 35. 

Example 21 

The procedure of Example 1 A was repeated except tJiat 

the TiS2 was replaced with 55 parts of vanadium oxide 

(V^O-f 200 mesh, 99.3 percent pure). The resultant sheet 

—1 —1 

had a conductivity of 0.4 oh?ns cm . An 8 mil. thick 
^2^5 ^^^^^^ sheet was formed having a nickel screen 
embedded therein. 

A cathodic electrode was formed according to the 
procedure of Example V using the above ^2^5 sheet 
and the sheet material of Example 1 B and was treated with 
cyclohexane as described in Example II. 

The cathodic electrode described above was placed 
against a 5 mil. litAium foil and formed into a Li-V^O^ 
cell by the procedure described in Example III, disclosed 
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abov?.." . The . cell has a jtheoreti Vjbg limited capacity 
,of . 5 . 5 inAh , (based on the .^reaction l 2Li + V,0- , . , Li^V-O^ ) . 
The. cell was discharged to .2y at 1 xoA and , charged at - 
0.5 mA tp.3V, , Capacity utilization .(% of ..theoretical) was 
iqo.at Cyple No. If -,82 at,Xycle No..3, « 5 
and 40, at. Cycle. No. > 25, , , 
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WE CLAIM: 
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f 

1 . i^. A' cathodic electrode suitable' f or •'^ use in" a - 
^>P?-aqiie9"s battery system comprising^ at least one 
sxibstantially homogeneous>rm±croporous'^sheet*^ product' 
haying cpmposition.of from about 70 -i98 weight percent 
of particulate material selected from electrochemically 
active particulate , material and. electrically, conductive 
particulate material and mixttires thereof (preferably^ 
: TiS^)? alone.^or:. togethercwith other metals, from about- 2 - 
30 weight percent of .polyethylene having: a weight^ average 
molecular weight of. from. about 150;000 to 5/000,000 
(preferably from 200,000 to 500 ; 000) A and from" 0- to abou^ 5 
weight percent of an organic- plasticizer for said- - 
polyethylene ; J and a current ^ collector compoised of a- ' ^ ' 
cpnductive material, said collector-being in intimate ' 
contact with each of said at least one micrbporous "^ sheet . 
product* 

2 ^ Thee electrode ; of Claim - 1 wherein tip ^ to about - 3 0 
weight percent of said particulate material is - cbmi>6sed of 
a conductive carbon black having an average particle size 
of from about 1 to ^100 millimicrons and the 'remainder of 
said . particulate material : is selected - from ;at^least one 
metal chalcogenide having a metal selected from titanium, 
zirconium, hafnium, niobium, manganese, copper, iron, 
tantalum, chromium, vanaditim or mixtures thereof ^ > 
■ tP^?„f ^^^ly .the sole or major chalcogenide being TiS^- 
having an average particulate size of 30 microns - or less) • 



3. ; A micro^^ product suitable for use In 
forming a. cathodiq: polymer . bonded^ electrode comprising 

. > 3 <^Vt f3^pp: JP. -^ 98. weight perciehtTof^^^^^^ 
material selecjted^ from elec 

electrically conductive material"^ and^^mixtuifes thereof 
(preferably^ TiS^) alone or together with other metals; and 

ii:.cr (b).: ; from:* about 2 ^: 30 weight percent of ' ^ 
polyethylene; having, a weight average molecular weight of 
frpm^aboutr 150,00 to about 5;000,060^ (preferably 200,000 
,to^ 500 , 000) ; and-x 's r . • -^r.^ ^ " 

jOO .A C fromjp to 5^. weight percent: of an organic 

plasticizer^for:, said polyethylene: . ; - : „ ' ^ 
said sheet haying- a void: volume; of at least about 10 
volume percent^ and , capable of £ exhibiting conductivity- of 
at least about 0*1 reciprocal ohm^cm. when placed in an 
_ electrical circuit m - j-. ^ : \ " I ^ li^-^^ ^ ^ ^ ' . ^ . 

4 . A cathodic electrode suitable for use in a 
non-aqueous r battery.:system comprising at ' least one 
substantially homogeneous, microporous ' sheet product ^ 
.(preferably having a total thickness of - less than 50 mils) 
having ar void volume of . from- 15 to '25 volxame percent and 
having^ a. composition of from- about 90^- 94 weight percent 
of particulate material consisting essentially of titanitom 
disulfide haying an average particle size of less than 
about 30 microns, ; from about 6 10 weight percent of 
polyethylene having a. weight average molecular weight of 
_^from about-200,000 to 500,000 and from 0 to about 2 weight 
percent of an organic plasticizer for said polyethylene; 
and a current collector composed of a conductive material, 
said collector being in intimate contact with each of said 
at least one microporous sheet product. 



c 
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5. A mlcroporous sheet pri^^uct "'suitable 'for use in 
forming a cathodic polymer bonded electrode comprising: 

* a) from about 90 to 94 weight ' percent titanium 
^disulfide having ah average particle size of iissi than 
about 30 microns; ' ^ ' ' ' - . . - . 



— ^» 

b) from about 6 to 10 weight percent of . 
-polyethylene having'-a " Weight"^ kveiage moie^^^^ of 

"from about 200,000 to 5o6vdoo» and" ^ - - 

' c) • from- 0 to" about" 2 Weight percent of an . 
organic plasticizer for said polyethylene -^^'1 . " 

- said sheet being 8ubstanti4liy;homogene'ous ^ ' microp<irous 
and having ' a void volume of from 15 to . 25 percent " . . * 
and capable of exhibitiii^ cMductiVity;^of- at' least f 
Oi15 reciprocal ohm-cm. • - ■ y^-' ' • 
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• ^- An- electrode product comprising a . substantially 

^"^^ stribture:hav|n first^and^a, second 
^ma^or surf ace" and Vthickness of less ' than about,.5Ct,mils, 
each of said first and^ second major siirface and 3" " . 

"•^ ^'^^^^f^^^?.^?*^^^^^^ composed of^a 

substantially homogeneous pxi pq^illslti^nl ot^^xiaia^^Ziaat 

average molecuiar" weight of ^at least labput^ l^ 

. P^^an -^i^^^ . filler having a 

mean particle fsiz^^^^ 0 . 01 to 10 "microns and 

" from^O^to abdiit^^^^^ an organic*-^ 

plasticizei: for sai<i polyolefln;' i^^^^^^ 

second major surface outer composition being' separated by 
a thickness composed of a substantially homogeneous core 
composition of from about 2-30 weight percent 
polyethylene of a weight average molecular weight of at 
least about 150,000, from 70 - 98 weight percent of 
particulate material selected from electrically conductive 
particulate material, electrochemically active particulate 
material and mixtures thereof and from 0 to about 5 weight 
percent of an organic plasticizer for said polyethylene 
and a current collector of electronically conductive 
material in contact with said particulate material. 

7. The electrode product of Claim 6 wherein the 
particulate material has a mean particle size of about 25 
microns or less and is composed of from about 70 to 100 
weight percent of at least one metal chalcogenide of a 
metal selected from titanium, zirconium, hafnium, niobium, 
tantalum, vanadium and mixtures thereof (preferably Tis ) 
and from 0 to about 30 weight percent of a conductive ^ 
carbon black. 
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8« The electrode product of Claim 6 wherein the 
polyethylene is pfeseWt iiv 2'''-' IS weight percent and has a 
weight-' average" molecular - weight ^ of from about ' 200 , 000 ' to 
5d0 , 000 ;£ the"' particulate^ material^ lis present in 85 - 98 
weight;: percent- and is at^ least about 70 (preferably 100) 
weight' percent titanium' disulfide^ the"~pla¥tici2er for the 
polyethylene^ is preseht-'ih f rbm'O - 5 weight percent ' and 
is selected from a petroletun oil, the polyolefin is 
present in from 7-50 weight percent and has a weight 
average molecular weight of from 150,000 to 500,000, the 
inert filler is selected from titania, alumina, silica and 
the polyolefin plasticizer is a petroleum oil* 

9. A process for forming a microporous sheet product 
suitable for use as a cathodic electrode comprising; 

(a) forming a substantially uniform mixture 
comprising from about 3 to 30 volume percent of 
polyethylene having a weight average molecular weight of 
from about 200,000 to about 500,000, from about 27 to 
about 76 volume percent of particulate titanium disulfide 
having an average particle size of less than about 20 
microns, and from about 20 to 70 volume percent of 
plasticizer for the polyethylene; 

(b) shaping the substantially viniform mixture 
into an initial sheet; 

(c) forming from the initial sneet an 
intermediate sheet having from 10 to 22 volume percent 
plasticizer; 

(d) compressing the intermediate sheet to 
provide a substantially nonporous compressed intermediate 
sheet; and 

(e) removing substantially all of the 
plasticizer from said compressed intermediate. 
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* 

^ 10. , In, a primary or secondary battery comprising 
^^at-. least one pair, of electrodes^ p£ opposite., polarity r and 
an electrolyte and wherein; said: an^ 

posed^of^an a^ or alloy thereof ^athe^ii^prove- 

.. ... ment comprises ,;)^ said cathpdic_ elects 

^.essentially of the electrode product of Claim: 9. ^ /i ^ " 
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